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Department  op  the  Interior, 

United  States  Geological  Survey, 

Washington,  D.  C,  May  15,  1902. 
Snt:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Mr. 
George  I.  Adams,  assistant  geologist  of  this  Survey,  upon  the  geolof^r 
and  water  resonrces  of  a  portion  of  eastern  Wyoming  and  western 
Kebraaka,  and  to  request  that  it  be  published  in  the  series  of  Water- 
supply  and  Irrigation  Papers.     The  field  work  upon  which  this  is 
baaed  was  done  during  August  and  September,  1901.    The  report, 
while  largely  geologic  in  character,  deals  with  some  of  the  problems 
of  water  supply  for  this  area  and  discusses  conditions  whicii  are  to 
be  found  over  a  considerable  part  of  the  public-land  area.     For  this 
reason  it  is  desirable  to  print  the  paper  at  the  present  time,  while 
these  mattei*s  are  being  discussed  by  the  public. 
Very  respectfully, 

F.  11.  Newell, 
Hijdrographev  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  of  United  States  Geological  Survey. 
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GEOLOGY  AND  WATER  RESOURCES  OF  THE  PATRICK  AND 
COSHEN  HOLE  QUADRANGLES,  IN  EASTERN  WYOMING  AND 
TOTERN  NEBRASKA. 


By  George  I.  Adams. 


IXTR<  )Dr  CI  lOX. 

Area  described. — The  area  discussed  in  this  reiK)rt  lies  for  the  most 
part  in  eastern  Wyoming,  but  includes  on  its  eastern  lK)nler  a  narrow 
strip  of  Nebraska,  about  2\  miles  wide.  It  has  a  width  of  approxi- 
mately 25  miles  from  east  to  west  and  a  length  of  08  mih»s  from 
north  to  south,  and  is  bounded  by  meridians  104''  and  104°  30'  and 
parallels  41°  30'  and  42*^  30'.  It  constitutes,  accordingly,  two  quad- 
rangles— i.  e.,  two  of  the  units  employed  in  topographic  and  geologic 
mapping  by  the  Geological  Survey — each  one-half  a  degree  square. 
The  northern  of  these  is  the  Patrick  quadrangle  and  the  soullieiii 
the  Goshen  Hole.  The  longitude  of  the  meridians  which  bound  tlie 
quadrangles  is  reckoned  from  Greenwich.  The  boundary  line  bet  w(*i*n 
Nebraska  and  Wyoming  is  meridian  '27^  west  reckoned  from  AVasli- 
injrton,  which  falls  west  of  meridian  104'^  from  Greenwich,  and  tlie 
l)()rtion  of  Nebraska  here  described  lies  between  tlies(»  two  lines. 
The  accompanying  sketch  map  (fig.  1)  shows  the  geograpliic  re  hit  ions 
of  tlie  area. 

Gf  nerril  sfafemenf. — Tlie  Patrick  and  (Goshen  Hole  (luadrangles  lie 
in  that  portion  of  the  semiarid  region  of  the  (ireat  Plains  plateau 
which  hjis  presented  peculiar  and  difficult  problems  to  those  who  have 
attemj)ted  to  settle  it  and  utilize  its  natural  resources.  The  country 
is  liest  adapted  to  grazing.  Experience  has  shown  that  crops  can  l)e 
jrrown  without  the  aid  of  irrigation  only  in  exceptional  years  or  in 
favored  localities.  In  the  absence  of  iriigation  enterprises  the  lands 
w^re  left  to  the  use  of  ranchmen,  who,  enjoying  the  advantage  of  a 
wide  and  free  range,  were  able  to  depeiKl  upon  the  urass  and  the  lim- 
ited natural  meadows  for  the  support  of  their  herds.  In  the  earlier 
days  of  occupancy  the  lands  for  which  titles  were  obtained  were  prac- 
ticallv  onlv  such  as  were  necessarv  for  home  ranches.  The  locations 
were  widely  separated  and  UMially  \vei"e  chosen  relative  to  a  .stream, 
spnng,  timber,  natural  meadow,  or  slielter.     On  tlie  passVu^  v>l  \\\^ 
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"de8ert-landsact,"providiugfor  thesaleof  lauds  reclaimed  by  irriga- 
tion, a  new  factor  entered.  The  lands  to  which  water  could  be  con- 
ducted Iny  along  the  streams,  and  ownership  of  them  brought  with  it 
the  exeltisive  use  of  the  streams  for  the  watering  of  stock.  In  \iew  of 
the  crowding  of  herds  this  privilege  was  very  desirable,  since  it  made 
possible  the  controlling  of  the  range.  The  construction  of  irrigation 
ditches  presented  no  special  difficulties,  and  was  largely  done  by  those 


interested  in  stock  raising.  Many  of  the  ditches  paralleled  the 
streams,  and  the  water,  not  being  easily  conducted  far  from  the  \al- 
leys,  was  cavried  as  far  as  possible  along  them.  In  a  short  time  so 
much  land  Imd  l)een  entered  under  the  desert-lauds  act  that  a  ranch- 
man desiring  to  establish  himself  was  obligeti  to  first  find  open  water. 
The  lands  irrigate<l  consisted  chiefly  of  natnral  meadows  or  fields 
of  alfalfa.  With  the  exception  of  the  Platte  River  all  the  available 
water  was  in  a  short  time  appiopriated,  and  in  many  cases  ditches 
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ere  eonBtmcted  which  were  never  of  practical  benefit,  except  in 
)tiaining  titles  to  the  lands  before  the  rulings  by  the  General  Land 
ffioe  required  their  actual  reclamation.  The  irrigation  now  being 
)ndncted  is  principally  for  the  purpose  of  raising  hay  and  forage, 
hich  is  used  as  winter  feed.  This  permits  of  a  much  greater  num- 
er  of  cattle  being  grazed,  since  it  reduces  the  amount  of  grass  which 
lust  be  reserved  for  winter  pasture. 

With  the  taking  up  of  the  lands,  so  that  but  little  ''open  water" 
emained,  the  ranchmen  were  enabled  to  utilize  the  remaining  portion 
or  grazing,  and,  having  made  mutual  agreements,  felt  in  a  measure 
tecare,  and  even  ventured  to  fence  public  lands  which  they  wished 

0  reserve  for  their  own  use.  Lately  the  sinking  of  deep  wells  and 
die  use  of  windmills  and  gasoline  engines  for  pumping  has  developed 

1  new  situation.  The  leasing  of  a  small  tract  of  State  lands  or  the 
entiy  of  public  lands  and  the  maintenance  of  a  watering  place  in  this 
manner  has  enabled  the  ranchmen  to  establish  themselves  in  the  open 
Tinge,  and  the  gradual  crowding  is  resulting  in  the  disappearance  of 
illegal  fences.  There  is  little  hope  that  the  country  will  be  thickly 
letfied  except  in  such  localities  as  can  be  irrigated,  because  of  the 
faetthat  very  large  tracts  are  required  for  grazing,  a  common  esti- 
Bite  being  that  20  acres  per  head  is  necessary  for  summer  and  winter 
putarage.  Enterprises  which  are  now  being  promoted  are  in  accord- 
wee  with  the  Carey  act.  Under  its  provisions  the  land  must  be  actu- 
ally reclaimed,  and  this  is  possible  with  only  a  small  percentage  of 
the  area.  There  is  at  present  a  feeling  that  some  arrangement  should 
be  made  which  would  insure  the  rightful  and  exclusive  use  of  the 
grazing  lands  of  the  public  domain,  and  the  question  of  the  Govern- 
ment's leasing  them  is  receiving  consideration.  In  the  following  dis- 
cussion the  general  character  of  the  country,  soil  and  rock  formations, 
grazing  industry,  surface  features,  water  supply,  irrigation  enter- 
prises, and  settlement  and  occupancy  are  reviewed  and  discussed. 

GEOT^OGY. 

GENERAL  GEOLOGY  OF  THE  REGION. 

The  formations  represented  in  the  region  under  consideration  are 
broad  sheets  of  rocks  which  extend  from  the  foothills  of  tho  mountains 
^stward  onto  the  Great  Plains  plateau  and  have  a  dij)  that  is  a  little 
^than  the  grade  of  the  surface.     Tlioy  consist  of  two  series,  differ- 

• 

^  materially  in  character  and  having  discordant  relations.  The 
older  formations  c(msist  of  Cretaceous  rocks  and  their  su]>structure  of 
Paleozoics,  which  were  deposited  before  the  present  ranges  of  the 
Rocky  Mountains  were  developed.  They  have  been  flexed  upward 
along  the  foothills  by  the  movements  which  accompanied  the  moun- 
tain making,  and  their  edges  outcrop  in  narrow  l)elts  parallel  to  the 
Diountains.     Although  the  thickness  of  these  rocks  is  t\\0U8a\\A^  ol 
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feet,  tliey  may  be  passed  over  in  a  short  distance  where  they  abut 
against  the  igneous  and  metainorphie  rocks  of  the  mountain  ranges  and 
have  steep  dips.  In  the  portion  of  the  plains  liere  descrilied  the  rock 
sheets  are  nearly  horizontal,  and  the  individual  formations  have  a 
wide  extent.  The  younger  and  higher  ones  only  are  reached  in  the 
deep  lx)rings  and  are  found  as  surface  outcrops.  In  the  accompany- 
ing map  (PL  II)  the  general  geology  of  the  region  is  shown.  The 
area  in  which  the  older  rocks  are  seen  as  a  result  of  the  mountainous 
structure  is  the  Hartville  Hills.  The  horizontal  portion  of  the  older 
rocks,  which  is  generally  embedded,  appears  at  the  surface  in  the 
locality  of  Goshen  Hole  and  the  lower  valley  of  Horse  Creek,  where, 
as  a  result  of  the  removal  of  the  younger  series,  the  Laramie  Cre- 
taceous is  exposed. 

Lying  on  the  floor  of  older  rocks  is  the  Tertiary  series,  which  has 
been  spread  over  them  as  sheets  of  clay  and  sand,  extending  from  the 
mountains  toward  the  plains  with  diminishing  thickness.  The  source 
of  this  material  was  evidently  the  mountain  region  to  the  westward, 
which  was  elevated  at  the  beginning  of  Tertiary  time,  and  in  which 
the  rapid  disintegration  of  the  rocks  under  the  processes  of  erosion 
furnished  sediments  for  the  younger  series.  The  Tertiary  forma- 
tions of  this  portion  of  the  country  bear  evidence,  in  the  character 
and  distribution  of  materials  as  well  as  in  the  fossil  remains  which 
are  found  in  them,  of  having  been  deposited  upon  the  surface  of  the 
continent  principally  through  the  agency  of  fresh  water.  The  for- 
mations overlap  one  another  toward  the  mountains  and  formerly 
extended  farther  upon  their  flanks,  the  zone  of  deposition  seemingly 
having  migrated  toward  the  mountains  as  time  progressed. 

In  recent  times  destructional  processes  have  been  operative  and  the 
Tertiary  has  been  largely  eroded,  so  that  in  places  its  upper  divisions 
are  worn  away,  and  in  the  locality  of  Goshen  Hole  and  near  the  mouth 
of  Horse  Creek  the  beds  have  been  completely  removed,  revealing  the 
underlying  Cretaceous. 

DESCRIPTION  OF  FORMATIONS. 
CRETACEOUS. 

Laramie  formai ion, — This  formation  has  but  a  limited  occurrence, 
and  the  outcrops  are  largely  concealed  by  surficial  deposits  (see  PL 
III).     It  consists  of  yellowish  and  greenish  sands,  variegated  clays, 
and  local  beds  and  lenses  of  a  bluish  siliceous  limestone,  which  upon 
weathering  breaks  into  irregular  fragments  and  has  a  yellowish  color. 
The  sands  are  cross  bedded  and  current  bedded  and  form  a  friable 
sandstone  which  disintegrates  readilj'  and  suffers  erosion  through  th^ 
agency  of  wind.     The  limestones  and  certain  indurated  sands  which 
are  well  cemented  ap]>ear  as  bowldei^s  in  some  of  the  outcrops  (se^ 


U.  S-6E0L0GICAL  SURVEY 


Vi'ATLP    SUPPLV    PAPbR   No.70  PI    II 


f^^^ 


.'.<' 


'.I  I 


(ii:nki{al  (iKor.oc.ic  map 

or  TMK  KI-.tiinN  Al.iiN*.  IIM- 

NOirni     PLAT'I'M     KMVKU 

NKAI!    INK  \V^<. MINI  .      Ml  I  •.  I  tASK' A    I.INi: 
I 'A  t:i  "iiti;!;  i   \'  •  \M' 


■M    I   «    t  ■  « 


I , I : c . I .  s"  I) 

T  t:  p-*  I A  '■»  V 


■■  • 


^■^■ll.ll.l         .\l.;.  1 ir:.  I  ii'.li.l 


■  I  'l' 


'  I 


*   » 


■  jl_;-  ■  •,   II 


I      /' 


1  .....^.  . 


--ir..' 


'Ni 


: — .._  y 


/ 


Hctri'isbuit; 


T»- 


Aim]  OEOLOeiO  FOBMATIOKS.  15 

PL  IV,  £).     The  formation  is  generally  oonaidered  a  brackish  or  f resh- 

inter  deposit.     Along  Dry  Creek,  whioli  is  a  branch  of  Horse  Creek 

enteiing  the  latter  west  of  Table  Monntain,  there  are  ledges  several  feet 

thick  that  consist  almost  wholly  of  oyster  shells  (O^r^a  glabra)^  with 

lUeh  is  mingled  some  sand.    Outcrops  of  coal  are  reported  to  occur 

in  the  valley  of  Horse  Creek  near  J  Pen,  where  the  creek  flows  in 

%  southeasterly  course.    In  the  vicinity  of  Hawk  Springs  and  from 

there  to  Big  Willows  some  prospecting  has  been  done  and  small  out- 

eropsof  coal  are  reported  to  have  been  found.    The  drilling  in  these 

localities  has  thus  far  failed  to  discover  the  presence  of  coal  beds  con* 

ridered  of  sufficient  value  to  be  worked  in  a  commercial  way.    The 

presence  of  the  coal  is  evidtace  of  the  conditions  which  existed  during 

the  deposition  of  the  beds.    It  is  lignitic  in  character  and  represents 

flie  remains  of  forests  which  flourished  during  a  time  when  the  Cre- 

tioeous  seas  were  shallowed  and  land  areas  were  present  in  this 

re^on. 

The  surface  of  the  Cretaceous,  on  which  the  Tertiarj-  was  <lepo8ited, 
leems  to  have  been  very  irregular,  and  the  contact  shows  a  decided 
meonformity.  The  area  of  exi)osure  of  the  I^ramie  is  not  sufficient, 
in  Yiew  of  its  obscure  outcrops  and  the  friable  nature  of  its  sands,  to 
determine  its  structure  beyond  the  prevalence  of  low  dips.  From  the 
ittitnde  of  the  overlying  beds  it  would  seem  that  there  was  in  this 
area  a  ridge  or  an  anticlinal  elevation  which  determined  the  extent 
of  the  lowest  Tertiary  formation.  Adjacent  to  the  area  of  outcrop 
but  little  drilling  has  been  done  which  reveals  the  presence  of  the  l>eils 
at  any  depth  beneath  the  Tertiary,  and  its  relations  can  not  be  very 
satisfactorily  demonstrated,  since  outcrops  do  not  occur  except  in 
widely  distant  localities. 

TERTIARY. 

Chndron  fomiafion. — The  basal  formation  of  the  Tertiary  is  known 
as  the  Chadron,  from  a  locality  in  northeastern  Nebraska,  where  it  is 
typically  developed.  On  the  accompanying  geological  map  it  may  Ikj 
aeen  as  an  irregular  belt  extending  from  the  Platte  River,  where  it 
crosses  the  Wyoming  and  Nebraska  line,  westward  into  Goshen  Hole. 
It  is  also  exposed  in  two  small  areas  on  either  side  of  the  Platte  Val- 
ley in  the  vicinity  of  Vaughn.  The  principal  portion  of  the  beds 
consists  of  a  more  or  less  sandy  clay  liaving  a  greenish-gray  color, 
variegated  with  dark-red  and  olive  beds,  which  are  by  far  the  more 
conspicuous  l>ecause  of  the  vividness  of  their  hue.  The  portion  of 
this  fonnatiou  which  outcrops  most  prominently  consists  of  coarse 
cross-liedded  sandstones  of  a  grayish  color  (PI.  IV,  A),  They  appear 
to  be  channel-  or  current-l)edded  phases  in  the  formation,  and  occur  at 
varjnng  horizons.  In  places  they  are  separated  ])y  only  a  few  feet 
from  the  underlying  Cretaceous,  and  in  other  localities  they  occur 
well  up  toward  the  top.     In  the  western  part  of  Gosbeu  llo\ii  av^  »i 
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number  of  low  points  which  are  capped  by  remnants  ol 
stbnes.    The  most  conspicuous  among  them  for  its  altituc^ 
Point,  although  there  are  a  number  of  ridges  of  greater  ex 
the  Platte  River,  in  the  absence  of  better  building  stoii 
have  been  quarried  where  they  are  of  fairly  uniform 
supply  a  durable  stone,  although  it  is  difficult  to  work, 
tion  appears  to  have  been  limited  southward  by  a  Creti 
outcrops  of  which  are  seen  in  the  southern  part  of  Gosliei 
area  of  Chadron  shown  on  the  map  is  confined  wholly 
slope  of  this  ridge,  if  such  it  l)e,  and  south  of  it  the  fo 
dently  is  absent. 

Brule  formcUion, — Succeeding  the  Chadron  teds  and 
formably  upon  them,  or  in  their  absence  upon  the  Crc 
thick  mass  of  clay  which  has  very  uniformly  a  pinkish  or 
tint,  except  at  some  localities  of  limited  area,  where  its  1 
assumes  a  varying  phase.     In  these  places  it  is  a  whitisl 
grayish  and  greenish  tinges,  with  a  thin  lx»d  of  white 
particularly  uniform  character  occurring  in  the  local 
Mountain   and  the  elevated   point  8  miles  north  of  it 
small  knobs  2|  miles  north  of  Trelona.     The  pink  cla\ 
homogeneous  in  character,  seldom   containing  conglon 
These  occur,  however,  in  limited  areas,  but  are  usually 
small  gravels.     They  are  not  found  at  any  particular 
appear  to  represent  local  current  phases  of  deposition. 

The  Brule  clay  weathers  readily  and  is  transported  ov( 
where  the  wash  from  it  forms  a  thin,  pinkish  veneer.  \V1 
in  vertical  walls  as  a  result  of  the  protecting  cap  of  high< 
small  knobs  and  points,  it  is  usually  quite  destitute  of  vc 
is  seen  to  have  a  jointed  structure,  and  a  slight  deposit  < 
rial  is  often  present  along  the  joint  planes.  In  weatherin 
planes  are  often  made  bare  by  the  removal  of  angular  fr 
give  the  surface  an  exfoliated  appearance.  The  limej 
mentioned  are  the  only  beds  which  determine  in  any 
erosional  forms,  and  they  give  rise  to  table-like  hills  i 
limestone  is  nearly  at  the  summit.  In  the  absence  of  Ik 
the  stone  has  been  quarried  and  used  in  building,  altli 
plies  only  slabby  material  a  few  inches  in  thickness. 

Arikaree  formation, — The  Arikaree  formation  reprosei 
change  in  the  character  of  sediments  from  those  which  w 
in  the  time  of  the  Brule.  Instead  of  clay  the  material  co 
wholly  of  sands,  which  were  deposited  unconformably  u] 
beds.  The  Arikaree  sand  is  slightly  cemented,  so  that  it 
tecting  cap  to  the  underlying  formations,  and  it  occurs  i 
the  escarpments  of  the  region  (see  PI.  V).  It  has  se^ 
which  range  botli  horizontally  and  vertically  through  its 
simplest  of  these  is  homogeneous  sand  without  any  disti 
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bat  having  the  peeoUftrity  of  weathering  In  vertical  crdamns  or 
Another  phase  is  that  in  which  concretions  occur,  usually  of 
ttbalar  or  pipy  form,  with  an  occasional  development  of  nodules 
iring  a  vertical  iKwition  in  the  beds.  The  coficrettons  are  of  sand- 
,  well  cemented.  On  weathering  they  form  projecting  points 
lenses  in  the  vertical  walls  and  ledges  and  protecting  caps  on 
pinnacles.  They  give  bizarre  forms  to  the  pinnacled  and  chim- 
rocks  which  are  so  common  throughout  the  area  of  the  formation. 
r  phase  of  the  Arikaree  are  the  conglomeratic  beds,  which 
ipresent  channel  or  current  deposits  and  which  occur  at  varying 
ns  (see  PL  VI,  A).  These  are  commonly  found  at  the  base  of 
formation  where  it  is  in  contact  with  the  Brule  clay,  and  show 
anconformable  relations  of  the  two  deposits  resulting  from  con- 
poraneous  erosion  and  deposition.  The  individual  lenses  vary  in 
ickness,  and  at  any  particular  locality  the  variation  extends  from 
few  feet  to  200  feet.  The  fact  that  this  phase  is  present  at  the  base 
the  Arikaree  does  not  necessarily  indicate  that  it  was  deposited 
eoDtemi>oraneousIy,  since  it  is  probable  that  the  conglomerates  were 
deposited  as  the  sediments  encroached  upon  the  higher  levels.  Their 
•eeanence  in  the  upper  horizons  is  due  to  the  later  oscillation  of  the 
diannels  as  the  thickness  of  the  sediments  increased.  On  the  geo- 
kps  map  this  phase  has  been  represented  and  to  it  has  been  given 
the  name  Conglomeratic  beds  in  the  Arikaree.  These  may  not  rep- 
Tttent  a  formation  in  the  sense  that  the  Gering  does,  although  the 
beds  differentiated  as  such  in  the  country*  to  the  east,  on  the  south 
side  of  the  Platte  Valley,  are  in  every  way  similar.     The  i*elation  of 

I  these  lenses  is  best  seen  in  the  locality  of  Spoon  Butte,  iu  the  Patrick 
quadrangle,  and  for  a  short  distance  to  the  south.  In  the  escarpment 
•nd  lone  hills  north  of  Sturdivant's  rauch,  conglomerates  aro  seen  rest- 
ing on  Brule  clay,  or  separated  from  it  by  a  ver}-  thin  bed  of  Arikaive 
Mud.  In  Spoon  Butte  the  lenses  are  coarse  sandstones  exhibitinjr  a 
€ro88-l^ded  structure,  and  their  occurrence  is  40()  feet  above  the 
lowest  exposed  i>ortion  of  the  Arikaree.  In  the  intermediate  localities 
the  lenses  occur  at  somewhat  lower  horizons  and  seem  to  justify  per- 
fectly the  interpretation  here  placed  upon  them.  In  Pine  Ridp*  and 
the  small  knobs  near  the  eastern  border  of  the  Patrick  ([uadranjj^le 
there  is  a  conglomerate  which  does  not  now  have  a  ."ry  wi<lo  extent, 
^ce  it  occurs  on  the  tops  of  these  hills. 

The  gravels  and  materials  that  constitute  the  conglomeratic  lentils 
contain  .many  varieties  of  rocks  which  are  found  in  the  Rocky  Moun- 
tain region.  They  vary  in  size  from  small,  much- worn  fragments  up 
!  to  bowlders,  and  are  cemented  in  amatrix  of  sand.  The  disintej;:ration 
of  this  conglomerate  has  given  rise  to  terraces  which  maintain  their 
fentfas  a  result  of  the  heavy  deposit  of  gravel  lying  upon  them  (see 
Pi.  VI,  B).  These  terraces  occur  at  levels  somewhat  lower  than  the 
conglomerate  beds,  and  the  connection  between  tlie  two  may  \>e  reaOiWy 
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seen  by  trneiiig  the  material  from  the  ledge  past  the  talus  sic 
the  veneering  of  gravel.  .  An  example  of  such  a  terrace  is  the 
what  elevateil  land  lying  between  the  mouth  of  Rawhide  Cree 
the  Platte  River.  Such  terraces  may  be  considered  as  indicati 
former  greater  extent  of  the  conglomerate  beds.  The  transpor 
of  these  gravels  has  given  rise  to  stream  teiTaces  in  certain  loc* 
and  has  supplied  in  paili  the  gravels  found  in  the  stream  cha 
They  are  of  local  occurrence  inasmuch  as  the  conglomerate  l>eds 
selves  are  a  local  phase.  The  gravels  of  the  stream  ternwjes  ai 
streams  ai^e  no  doubt  blended  with  more  recent  gravels  which 
been  transported  from  other  localities.  This  is  particularly 
along  the  Platte  River  and  the  streams  heading  in  the  foothil 
mountains. 

In  the  Arikaree  there  are  narrow  sandstone  dikes  which  on  > 
ering  protrude  above  the  surface  and  are  conspicuous  l>ecause 
comb-like  structuix*  which  they  have  when  the  adjacent  foru 
weathers  away  (see  PI.  VII).  They  were  noted  northeast  ol 
Ridge  and  west  of  Spoon  Butte.  They  have  a  strike  N.  20°  to  i 
and  apparently  have  been  developed  along  fractures,  which 
been  produced  by  some  general  cause.  Those  which  occur  nor 
of  Pine  Ridge  are  the  more  important  and  can  be  seen  for  s 
miles,  although  possibly  the  outcrops  do  not  belong  to  the  same 
at  tlie  different  localities.  Theyextend  as  far  as  Patrick,  wher 
may  be  seen  on  either  side  of  the  valley  of  Rawhide  Creek,  in  the 
of  the  hills.  The  material  which  constitutes  the  dikes  is  princ 
sand,  with  some  infiltered  calcareous  material.  On  weatherii 
calcareous  matter  has  a  honeycombed  appearance,  the  looselj^ceu 
sand  disappearing.  The  width  of  the  dikes  is  only  a  few  feet, 
times  only  a  few  inches.  Those  west  of  Spoon  Butte  extend  foi 
distances  and  are  relatively  narrow.  The  direction  of  the  di 
approximately  parallel  to  the  structure  in  the  Ilartville  Hills, 
is  not  unlikely  that  they  have  been  produced  by  dislocations  or 
ment«  along  inherent  lines  of  weakness  in  the  deeper  fonm 
These  dikes  have  attracted  some  attention,  but  an  examinatic 
shown  that  there  is  nothing  to  warrant  ^prospecting  in  them  fo 
erals.  The  material  of  which  they  are  constituted  has  evidentl 
derived  from  the  wall  lock.  There  apparently  has  l)een  som 
ping  and  consequent  slickensiding  of  the  dike  material  sine 
were  formed. 

Ogallala  forniatioN, — This  formation  is  represented  in  this  are 
in  the  southeast  corner  of  the  Goshen  Hole  quadrangle,  wl 
occurs  on  the  upland  overlying  the  Arikaree.  It  consists  of  I 
sandy  and  calcareous  material  with  local  conglomeratic  phases, 
oped  particularly  at  its  base.  Within  the  area  here  described  i 
not  attain  its  characteristic  developmiMit,  since  but  a  thin  remn 
it  remains  on  the  upland.     The  pebbles  and  fragments  of  crys 
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la  that  are  scattered  throagh  it  are  variable  in  character,  and  the 
ds  it  oontaius  are  cemented  by  carbonate  of  lime,  which  In  plac^en 
elops  into  what  are  known  as  mortar-bed  ledges.  It  contains  con- 
arable  clay  or  marl,  which  has  a  slightly  creamy  or  pinkish  color. 
b  uncoinnionly  this  formation  is  called  '* magnesia,"  although  the 
rd  here  is  a  misnomer  if  it  signifies  that  the  formation  is  magnesian. 
ith  of  the  valley  of  Horse  Creek  the  Ogallala  extends  farther  west- 
rd.  Its  principal  area,  however,  is  in  Nebraska,  northeastern  Colo- 
lo,  and  the  northwest  comer  of  Kansas. 

SURFICIAL  DEPOSITS. 

ManUe  of  detritus. — In  this  region  disintegration  is  more  active  than 
ansportation,  so  that  there  has  accumulated  a  considerable  veneer- 
ig  of  surficial  material.  It  consists  of  sand  and  clay  mingled  with 
amus  from  the  decaying  vegetation.  This  material  is  found  to  grade 
lom  coarse  talus  adjacent  to  the  cliffs  into  slope  wash,  and  in  places 
t  is  a  soil  which  is  firmly  held  by  the  sod.  It  has  resulted  from 
pavitative  action,  solution  and  transportation  by  water,  and  tlie  erod- 
ing and  carrying  power  of  the  wind.  Ilie  mat/crials  are  largely  derived 
Erom  the  rocks  of  the  area.  The  sand  is  from  the  Arikaree,  Chadron, 
md  Laramie  formations,  while  the  clay  is  principally  the  result  of 
lisictegratiou  of  the  Brule.  The  gravels  are  from  the  breaking  down 
of  local  conglomerates,  and  in  part  are  brought  into  the  region  by  the 
streams.  At  many  places  they  ai-e  so  intermingled  that  they  can  not 
be  mapped  separately. 

During  the  dry  season  the  surface  mantle  of  sand  and  clay  is  trans- 
ported by  the  \vind  in  its  prevailing  direction  and  accumulates  on 
the  higher  places.  At  times  of  flood  the  material  is  carried  down  the 
slopes  and  transported  along  the  valleys  by  the  stonn  water.  When 
the  creeks  flow  with  large  volume  they  carry  the  aoeunuilated  sands 
and  spread  them  along  their  coui'ses,  but  this  material  does  not  form 
alluvium,  since  it  is  not  stratified,  but  is  simply  (Iropi)ed  where 
the  current  is  retarded.  Moi*eover,  its  position  is  not  permanent, 
since  when  it  dries  it  may  be  swept  away  by  the  wind,  or  a  succeed- 
ing cloudburst  may  transport  it  farther.  Inasmuch  as  the  wind  and 
nin-ofF  waters  in  the  sum  total  of  their  activities  are  about  balanced, 
the  surficial  materials  oscillate  in  their  position  between  the  condition 
of  wind-blown  accumulations  on  the  ridges  ami  surface  wash  on  the 
slopes  and  in  the  valleys.  Finally,  however,  they  are  either  trans- 
ported down  the  streams  or  lodge  in  the  sand  hills,  where  they  are 
held  by  the  vegetation. 

The  mantle  of  unconsolidated  detritus  apparently  <lates  ba(;k  to 
the  time  when  the  region  was  occupied  by  primitive  horses  and 
elephants,  and  accordingly  it  is  in  pail  early  Pleistocene.  The  nuite- 
rial  at  the  places  where  these  fossils  have  been  found  is,howe\v^Y,\vo\» 
essentially  different  from  that  which  has  but  recently  beeu4<ipo«>W;^. 
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Accortlingly,  no  attempt  is  made  to  classify  these  deposits.  M 
over,  their  thickness  is  excee<Un^ly  variable  and  is  frequently 
guised  by  the  even  covering  of  sod.  They  range  from  a  thin  vei 
of  clay  to  be^ls  of  slope  wash  as  miicli  as  50  feet  thick.  The  accu 
lations  of  sand  at  some  of  the  localities  mapi)ed  as  dunes  rise  fullj 
feet  above  the  general  level  of  the  older  formations. 

Alluvunn, — The  onlv  area   in   which   alluvium   is  shown  on 
accompanying  map  is  the  recent  flood  plain  of  Platte  River. 
deposit  consists  of  silt  and  the  se<liment  from  the  stream,  with  wl 
is  mingled  considerable  gravel.     Where  the  river  enters  the  Pat 
quadrangle  through  the  narrows  the  valley  floor  is  al)out  a  mile  w 
13elow  this  point  it  is  not  restricted  by  bluffs.     In  the  vicinity  of 
P.  F.  ranch  and  Torrington  it  is  about  3  miles  wide.     The  channc 
the  Platte  is  broad  and  is  occupie<l  by  sand  bars  and  islAnds, 
evidently  has  shifted  frequently.     The  alluvial  dei>osit8  do  not  d 
in  any  way  from  the  material  now  carried  by  the  river.     Altho 
they  are  loose,  and  frequently  sandy  and  gravelly,  they  are  relatr 
fertile  and  furnish  the  most  valuable  agricultural  lands  becaus 
their  proximity  to  the  source  of  water  for  irrigation.     Nearly  a 
this  land  is  now  under  irrigation  dit<;hes. 

It  might  seem  that  the  larger  stivams  tributary  to  the  Platte  w( 
be  bordered  by  alluvium.  No  such  deposits  have  been  mapped, 
it  is  questionable  whether  they  should  be  distinguished,  for  the  rei 
that  the  streams  are  not  bordered  by  true  flood-plain  deposits.  T 
flow  only  in  certain  seasons  of  the  year,  and  when  they  carry  t 
largest  volume  of  water  the  umterial  transported  is  that  whic 
washed  from  the  slopes  by  the  cloudbursts  and  heavy  rainfall, 
consists  of  the  loose  sand  and  clav  which  are  described  above  as  eo 
and  creep  deposits  and  surface  wash.  Moreover,  along  the  valley 
these  streams  the  country  rock  is  exposed  at  many  places  within  t 
channels. 

Stream  gravels  from  oiiiside  areas, — Except  in  the  case  of  the  PI 
River,  which  has  its  source  in  the  mountains,  the  streams  do  notci 
a  large  amount  of  gravel.  When  the  Platte  is  at  low  stages  its 
not  uncommonly  appeal's  to  be  paved  with  cobblestones.  These  ] 
bles  and  bowlders,  on  examination,  are  found  to  represent  a  g 
variety  of  rocks  such  as  are  found  in  the  mountains  to  the  ^ 
No  doubt  when  the  river  flowed  at  former  grades  it  transported  ti 
materials  and  deposited  them  in  terraces.  At  some  places  the  r 
terrace  gravels  may  he  seen  covering  the  surface,  but  usually  t 
have  been  transported  by  the  erosion  of  sand  and  clay  and  gravita 
action,  so  that  the  terrace  feature  is  obs(»ured.  Moreover,  there 
other  gravels  which  are  not  unlike  them,  and  it  is  therefore  diffl 
to  distinguish  the  river  gravels  as  a  distinct  class  of  deposits. 

Stream  gravels  of  local  origin. — The  conglomerate  beds  which  o< 
at  the  base  of  the  Arikaree  and  locally  at  higher  horizons  within 
fornmtion  Imve  nhvady  been  descril)ed.     The  gravels  which  coi 
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nte  them  are  not  unlike  the  gravels  which  have  been  transported  from 

(he  Rocky  Mountain  region,  and  upon  the  disintegration  of  the  con- 

iknuerate  they  are  transported  by  the  streams  and  distributed  along 

the  valleys  tributary  to  the  Platte,  so  that  they  blend  with  the  gravels 

oC  Platte  River.     Evidently  they  were  derived  from  about  the  same 

dasses  of  rocks,  and  possibly  from  the  same  general  area  in  the  Rooky 

Monntaina.     The  conglomerates  which  are  now  present  and  exposed 

\  witiiin  the  quadrangles  may  readily  be  seen  to  be  the  source  of  these 

;  graTela.    The  gravels,  however,  have  a  wider  extent  than  is  consist- 

L  at  wiih  their  derivation  from  the  areas  within  which  the  conglom- 

i  crates  are  now  found.     In  the  absence  of  any  other  source  for  the 

itream  gravels  it  is  natural  to  conclude  that  they  indicate  a  former 

lider  extension  and  occurrence  of  the  conglomerate  beds.     It  is  alto- 

l^ether  probable  that  the  exposures  which  have  been  referred  to  as 

hasal  beds  of  the  Arikaree  were  continuous  between  the  areas  where 

they  are  now  found  in  place,  and  the  breaking  down  of  such  a  deposit 

vould  have  furnished  a  large  quantity  of  bowlders  and  gravel. 

In  the  valley  of  Horse  Creek  and  its  former  extension  into  Pumpkin 
Creek  there  are  stream  gravels  which  do  not  seem  to  have  hoen 
derived  from  conglomerate  beds  within  the  area  here  described.  On 
the  general  map  it  will  be  seen  that  the  drainage  of  Horse  Creek 
headfl  at  the  base  of  the  Laramie  Mountains,  audit  is  not  improbable 
that  the  gravels  which  oc*cur  along  its  valleys  are  derived  from  l()(»ali- 
ties  near  its  source.  In  that  case  they  would  sustain  the  same  rela- 
tion to  this  area  which  the  Platte  River  gravels  sustain,  and  by  their 
occurrence  in  terraces  they  would  indicate  the  former  grades  of  the 
streams. 

Terrace  gravels  from  disintegration  in  place. — Adjacent  to  the  ImhIs 
of  conglomei"ate  there  are  gravel  terraces  which  in  certain  loealities 
have  a  considerable  extent.  They  have  originated  throu^li  the 
Iweaking  down  of  the  conglomerate,  and  retain  their  form  because 
the  gravels  make  a  protecting  mantle.  The  best  example  of  this 
occnrrence  of  gravel  terraces  is  on  the  point  or  divide  ]>etween  the 
lower  part  of  Rawhide  Creek  and  the  Platte  River.  The  soiiree  of 
the  gravels  may  be  seen  in  a  ledge  which  is  eonspieiious  to  the  west 
of  the  terrace  and  which  occurs  somewhat  higher.  Anothei-  example 
of  this  class  of  gravel  terrace  maybe  seen  south  of  the  IMatte,  on 
the  high  point  to  the  east  of  the  conglomerate  b<'ds  which  occur  in 
the  southeast  corner  of  the  Patrick  quadrangle. 

Where  the  conglomerates  have  been  so  largely  removed  that  the 
'elation  between  the  gravels  and  the  original  beds  is  not  ch'arly  trace- 
able, this  type  of  deposit  is  not  so  readily  distinjruished.  Moreover, 
*heu  there  has  been  a  sufficient  period  of  erosion  to  accomplish  this 
'^moval,  the  gravels  on  the  terraces  have  likewise  suffered  gravita- 
tive  action,  and  occur  as  an  indefinite  deposit  blending  with  the  stream 
Pavels  and  the  detritus  of  the  vnlley  slopes.     Accordingly  \\\v.^t^  ar^ 
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localities  in  which  the  stream  gravels  and  the  terrace  gravels  are   i 
distinguishable. 

Sand  hills  or  duneit. — There  is  more  or  less  sand  and  wind-blow 
material  distributed  over  nearly  the  entire  area  which  is  hei'e  dii 
cussed.  The  source  of  the  wind-blown  sand  is  principally  the  Arikare 
formation,  which  consists  of  sand  only  slightly  cemented,  and  whicj 
upon  weathering  disintegrates  into  easily  -  transported  material 
Within  the  area  designated  as  sand  hills  on  the  map  this  drifting 
material  has  accumulated  into  dunes.  Some  of  the  sand  hills  are 
sodded  over  and  may  be  spoken  of  as  inactive.  In  others  the  sand 
is  constantly  shifting.  When  for  any  reason  the  sod  on  a  sand  hill 
is  removed  or  broken,  the  hill  immediately  begins  to  change  its  form 
and  shift  its  position  according  to  the  direction  of  the  wind.  In 
Nebraska  the  sand  hills  are  much  more  extensive  than  in  Wyoming. 
Those  which  are  seen  in  the  Patrick  quadrangle  are  at  the  western 
end  of  what  is  known  as  the  great  sand-hill  area  in  Nebraska. 


Fig.  2.— Sketeh  showing:  the  west  end  of  Goshen  Hole,  the  Goshen  Hole  escarpment  and  tJ 

Laramie  Mountains  in  the  distance. 

A  considerable  i^ortion  of  the  sand  which  forms  dry  bars  in  tb 
Platte  River  is  blown  onto  the  upland.  In  this  way  the  materil 
transported  into  the  area  by  that  stream  is  contributed  to  the  surficil 
deposits  during  the  dry  season.  The  sand  hills  north  of  Torringto 
and  Pratt  mav  be  in  part  the  result  of  this  action. 

SURFACE   FEATITIES. 

General  relaiians  and  elevations. — The  region  is  a  portion  of  th 
Great  Plains  plateau,  which  extends  from  the  Rocky  Mountains  easi 
ward,  sloping  gradually  toward  the  Mississippi  Valley.  The  Larami 
Mountains  lie  40  miles  west  of  the  border  of  the  area  described,  an 
on  a  clear  day  Laramie  Peak  and  some  of  the  lesser  |>eaks  are  visibl 
on  the  horizon  (see  fig.  2).  To  the  northwest,  and  but  a  short  dij 
tance  from  the  Patrick  quadnangle,  are  the  Ilartville  Hills  and  th 
lone  point  known  as  Rawhide  Butte.  The  elevations  within  th 
quadrangles  vary  from  3,020  feet  in  the  river  valleys  to  5,3(X)  feet  o 
the  highest  points. 
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Chshen  Hole-  escarpment, — ^The  formations  which  oatcrop  within  the 
rea  consist  largely  of  clays  and  sandstones  which  yield  readily  to 
rosion,  and  in  some  cases  have  the  peculiarity  of  forming  nearly  ver- 
icfil  walla.  A  c^onspicuous  feature  of  the  region  is  an  escarpment 
hich  forms  the  ^vrestem  border  of  Groshen  Hole.  (See  PI.  I. )  It  is  rep- 
nented  more  or  less  regularly  to  the  north  of  the  Platte  in  the  bluffs 
rhieh  extend  from  the  vicinity  of  the  Narrows,  lielow  Fort  Laramie, 
B  an  irregular  line  north  of  Snow's  ranch  and  SturdivantV  ranch, 
tear  Creek  Mountain  and  66  Mountain  (see  Pis.  V,  A  and  IX,  A)^  in 
he  southeastern  part  of  the  area  mapped,  are  isolated  portions  of  this 
scarpment,  ^v^hich  is  found  continuous  again  from  the  southeast 
omer  of  the  Goshen  Hole  quadrangle  into  Nebraska.  This  escarp- 
sent  may  be  regarded  as  separating  the  lowland  from  the  upland. 

UplafuL — Previous  to  the  development  of  the  present  stream  val- 
eys  and  basins  the  country  evidently  was  a  nearly  smooth  plain. 
Evidences  of  this  are  seen  in  the  nearly  even  elevation  of  the  higher 
ables  and  escarpments,  which  have  a  slight  eastward  slope.  The 
prade  of  the  original  plain  is  the  gradual  slope  from  the  mountains 
iofward  the  Mississippi  Valley.  Ck>nsidered  with  respect  to  its  physi- 
igraphic  relations,  it  is  a  portion  of  what  is  denominated  the  Great 
E^lains  platean.  It  was  formed  in  Tertiary  time  by  the  deposition  of 
lediments  in  broad,  apron-like  sheets  spread  eastward  from  the 
mountains.  It  has  been  largely  pre8erve<l  to  the  present  time,  and 
the  undisseeted  areas  form  the  High  Plains.  They  constitute  the 
nplaml  of  the  area  here  discussed. 

LoH'IfnuJ. — Along  the  Platte  Valley,  where  there  are  a  number  of 
small  streams  which  have  a  grade  dependent  upon  that  of  tho  Platte 
River  and  reaching  up  the  larger  tributaries  for  a  considerable  dis- 
tance, a  lowland  has  l)een  developed,  which  is^ailually  bein^  extended 
»s  the  escarpments  recede  and  the  isolated  hills  are  removed  by  ero- 
sion.    Goshen  Hole,  tlie  name  of  which  is  iinfortiinat(»ly  siijrfrestive 
of  an  inclo.sed  basin,  is  a  portion  of  this  lowland  plain  whieh  is  oi>en 
eastwanl  to  the  valleys  of  the  Platte  and  Ilorw*  Creek.     Its  western 
rim  is  the  escarimient  which  has  been  already  ivfern^d  to  as  marking 
the  line  between  the  general  upland  and  lowland. 

The  origin  of  the  (Toshen  Hole  lowland  appeal's  to  have  lM»<*n  due 
to  the  fact  that  the  Brnle  clay,  which  is  found  throiijrhout  the  i<»<rion, 
»  readily  enj<led  when  onee  the  proteetin<r  eoverinir  of  the  Arikaree 
sands  is  removed.  This  process  is  liastentMl  by  tiie  issuance  of  ground 
water  as  a  seepage  flow  and  as  springs  at  the  line  of  contact  between 
the  two  formations.  At  this  horizon  erosion  progresses  by  sapping, 
which  undermines  the  clifTs  and  causes  the  escarpment  to  retreat. 
The  western  limit  of  the  lowland  along  the  Platt(»  Riv(»r  is  practically 
at  the  Narrows,  n  few  miles  l>elow  the  point  where  th(»  Laramie  River 
enters  the  Platte,  on  the  western  lx)rder  of  the  Patrick  ciuadrangle. 
At  this  place  the  contact  l>etween  the  Jinile  and  the  Arikawe  \«!>  «A) 
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m  ihe  occurrence  of  the  easily  eroded  Bmle  clays,  the  development 
^he  escarpment  is  to  some  extent  also  the  result  of  the  character  of 
I  Ogallala,  which,  like  the  Arikaree,  acts  as  a  capping  and  protect- 
;  member  to  the  clays.  A  short  distance  east  of  the  junction  of 
impkin  Creek  with  the  Platte  the  Ooshen  Hole  lowland  loses  its 
portance  and  blends  with  and  becomes  simply  the  Platte  Valley, 
this  portion  the  Arikaree  formation  is  absent,  and  the  Brule  and 
pillala  are  the  formations  into  which  the  streams  have  cut  their 
lUeys.  The  channel  of  the  Platte  does  not  lie  so  much  below  the 
ntact  between  the  formations  as  it  does  in  the  Ooshen  Hole  country, 
id  this,  together  with  the  absence  of  the  Arikaree,  probably  accounts 
fi  the  toxK>graphic  forms  being  of  less  pronounced  character.  The 
oor  of  the  Goshen  Hole  lowland  is  very  largely  the  Brule  clay,  but 
fc  certain  x>oint8  along  the  Platte  and  in  Goshen  Hole  proper  erosion 
as  exposed  the  underlying  formations,  which  are  the  Chadron  and 
be  Laramie. 

The  forms  of  relief  which  are  conspicuous  within  the  area  of  the 
owland  are  the  so-called  mountains  and  small  mesas  or  table-lands 
ihat  are  left  as  remnants  of  the  upland  which  once  extended  in  a 
larrow  tongue  between  the  North  Platte  River  and  the  former  Horse 
Creek-Pumpkin  Creek  Valley  *  (see  fig.  3).    Eagle  Rock,  06  Mountain, 
Eigle  Nest,  and  the  very  irregular  mountains  in  Scotts  Bluff  County, 
l^ebraska,  of  which  Scotts  Bluff  is  a  part,  are  what  now  remains  of  this 
tongue.     With  the  extension  of  the  lowlands  back  from  the  8ti*eams 
this  divide  w^as  gradually  dissected  until  the  drainage  of  the  southern 
valley  was  diverted  through  the  gap  between  Bear  Creek  Mountain 
and  60  Mountain,  following  the  course  of  what  is  now  Iloi-se  Creek. 
Since  the  time  of  this  capture,  which  deprived  Pumpkin  Creek  of  the 
larger  portion  of  the  water  that  it  received  from  the  west,  its  tribu- 
taries in  the  vicinity  of  66  Mountain,  which  receive<l  the  run-off  water, 
have  become  relatively  more  conspicuous  than  the  old  channel,  which 
may  now  Ije  found  indistinctly  marked  in  the  nearly  level  country 
lying  to  the  east  of  the  bend  of  Horse  Creek,  at  the  point  where  that 
stream  was  diverteil  to  the  north. 

WATER   SUPPI.Y. 

Streams. — The  streams  of  the  area  flow  in  a  i;i:enerally  eastward 
<lirection  and  are  all  tributary  to  the  North  Platte,  whicii  has  a  south- 
easterly  course  through  the  southwestern  part  of  the  Patrick  (juad- 
fangle  and  the  northeast  corner  of  the  Goshen  Hole  (iiiadrangh\  The 
'^gion  is  one  in  which  the  rainfall  is  limited.  With  the  exception  of 
the  larger  streams  the  channels  are  dry  throuj2:hoiit  most  of  the  year. 
The  North  Platte,  having  its  source  in  the  mountains  of  Colorado  and 
receiving  large  tributaries  in  Wyoming,  which  are  fed  by  the  melting 

*The  North  Platte  was  considered  by  Darton  (Nineteenth  Ann.  Rept.,  Pt.  IV,  p.  729)  as  hav- 
^  at  one  time  flowed  through  the  valley  of  Pumpkin  Creek.    A  study  of  this  area  Vy\n«t  V>  X.Yi^ 
v«st.  wbich  he  did  not  vuit,  jtutiSes  the  explanntion  above  given  and  accordingly  accountA  toT 
^  nature  of  tJte  Pampkin  VrnJIey,  independent  otnuch  a  hypothottis. 
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snows,  is  perennial  and  of  the  greatest  importance  as  a  source  of 
water  supply.  The  next  largest  stream  is  Horse  Creek,  which  enten 
the  southeast  corner  of  the  Goshen  Hole  quadrangle,  then  flows  north* 
ward  thi*ough  its  mi<idle  portion,  and  thence  eastward  to  the  Platte, 
which  it  joins  a  short  distance  beyond  the  border  of  the  area  in 
Nebraska.  Its  principal  tributaiy  is  Bear  Creek,  which  is  of  nearly 
equal  importance  to  the  i)oint  of  its  junction  w^ith  Horse  Creek. 

These  streams  hea<l  in  the  foothills  of  the  southern  extension  of  the 
Laramie  Mountains,  and  have  long,  narrow  drainage  basins.  They 
flow  throughout  the  year,  although  in  places,  as  a  result  of  the  dive^ 
sion  of  water  for  irrigation  and  the  disapi>earance  of  the  remain* 
ing  small  flow  in  the  gravels  and  sands,  their  channels  are  sometimee 
nearly  dry.  Some  of  the  shorter  streams  which  are  fed  by  sprinp 
and  seeps  and  flow  for  a  short  portion  of  their  course  during  the  dry 
season  are  Stinking  Wat^r,  Spring  Branch,  and  Big  Lone  Tree  Creek. 
Their  courses  are  indistinct,  owing  to  the  fact  that  they  soon  sink 
into  the  surficial  sands  which  fill  the  lower  portions  of  their  channels. 

Fox  Creek  and  Little  Horse  Creek  receive  their  waters  from  springe, 
but,  having  longer  courses  and  draining  larger  l)asins,  are  almoet 
constant  in  their  flow,  although  supplying  but  a  limited  amount  of 
water.     In  Goshen  Hole,  as  it  is  usually  limited,  there  are  no  peren- 
nial streams.     Cherry  (h*eek.  Box  Elder  Creek,  and  Corn  Creek  are 
represente<l  on  the  map  as  intermittent  streams.     During  a  season  of 
heavy  rains  or  cloudbursts  the  run-off  water  spreads  in  a  broadsheet 
along  the  line  of  their  indistinct  channels  and  for  some  time  after 
stands  in  long  pools.      In  the  dry  seasons  they  contain  a  limited 
amount  of  water  in  the  canyons  at  their  heads,  which  is  supplied  by 
springs.     The  larger  numl)er  of  ponds,  or  water  holes  as  they  are 
commonly  called,  which  are  found  in  Goshen  Hole  act  as  natural 
catchment  basins  into  which  the  run-off  water  of  the  higher  lands 
drains  and  remains  throughout  most  of  the  year.     A  careful  survey 
of  the  country  adjacent  to  them  shows  that  they  have  a  relation  t.< 
the  indistinct  drainage  system  which  exists  in  the  low  but  very  irre£l 
ular  relief.     The  origin  of  these  ponds  or  basins  will  be  discuss^ 
later  in  this  paper.     In  the  Patrick  quadrangle  Rawhide  Creek    - 
a  perennial  stream  in  its  upper  portion,  where  its  valley  is  confine 
between  relatively  regular  bluffs.     It  has  a  number  of  small  tribute 
ries  whieli  are  fed  by  springs  and  along  which  water  holes  and  sma 
channels  an*  found.     Along  the  lower  portion  of  Uawhide  Creek  tlx- 
country  is  nearly  level  and  the  water  sinks  into  the  surficial  sand 
and  gravels  except  during  flood  times.     In  the  vicinity  of  Spoon  Butt* 
there  are  springs  which  form  the  head  of  Siieep  Creek.     Along  th^ 
upper  part  of  this  stream  there  are  some  short  tributaries  which  ar€ 
likewise  fed  by  springs,  and  there  is  a  limited  amount  of  water  pres- 
ent even  during  the  dry  seasons.     But  wher(»Sh(M'p  Creek  has  a  broad 
valley  it  is  dry  for  hmfn  stretches  exc(»pt  during  heavy  rains.    The 
~"Hter  which  is  present  rises  as  springs  fnnu  th(»  underflow  along  the 
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imeL  The  loiprer  portioii  of  its  ooane,  In  the  soatheast  oomer  of 
riek  qaadTan^le,  is  blocked  by  a  range  of  sand  hills,  and  the 
er  diMtppeam  under  them  in  what  is  known  as  the  sinks  of  Sheep 
ck.  Farther  on  the  channel  is  again  distinct  and  some  water 
lids  in  it  even  in  the  dry  season. 

^m  the  foregoing  account  it  will  be  seen  that  the  country  is  one 
irhich  stream  water  is  a  limited  resource  and  is  of  great  importance 
the  purpose  of  irrigation  as  well  as  iu  supporting  the  grazing 
loBtry. 

Springs. — The  principal  horizon  at  which  springs  occur  is  the  con- 
st between  the  Brule  clay  and  the  Arikaree  formation.  The  Arik- 
Be  eonsists  largely  of  sands,  through  which  the  water  falling  on  it 
iroolates  until  it  reaches  the  underlying  clay.*  This  clay  is  fine 
tined  and  homogeneous  and  is  practically  impervious.  As  a 
■ult,  where  the  contact  between  the  clay  and  the  overlying  Arikaree 
le«ipo8ed  the  ground  water  finds  issuance  in  case  the  dip  is  such  as 
f  bring  it  to  that  point.  There  does  not  appear  to  be  a  very  large 
of  ground  water  in  any  of  the  formations.  This  is  probably 
to  the  fact  that  the  country  is  in  the  semiarid  region  and  tlu9 
oocnrs  at  irregular  intervals  and  often  in  the  nature  of  cloud- 
so  that  it  is  carried  away  as  run-off  water  by  streams. 

Although  there  are  many  springs  at  the  contact  above  mentioned, 
are  not  strong.  In  many  cases  the  ground  water  is  only  suffi- 
Ant  to  keep  the  upper  surface  of  the  clay  moistened.  Along  the 
fMe  of  the  escarpments  the  line  of  issuance  is  marked  by  a  darker 
edor,  resulting  from  the  presence  of  water  in  the  clay,  and  where 
there  is  vegetation  it  is  more  luxuriant.  At  the  heads  of  the  gulches 
ttd  small  canyons  the  water  from  the  springs,  following  under  the 
tilusof  the  slopes,  usually  unites  to  form  a  stream  for  a  short  distance. 
These  localities  are  frequented  by  cattle  and  have  been  taken  advan- 
tage of  for  home  ranches  by  the  stockmen.  The  supi)ly  from  such 
Vrings  is  very  limited,  and  the  water  usually  sinks  into  the  san<ls  of  the 
stream  bed  in  a  relativel}'  short  distance.  Examples  of  this  type  of 
spring  may  be  found  at  the  head  of  Stinking  Water  Creek,  the  spring 
hnmches  south  of  Gordon's  ranch,  the  spring  branch  southw(*st  of 
Heriden  post -office,  Fox  Creek,  Big  Lone  'J'ree  Creek,  the  State  Line 

Springs  on  66  Mountain,  and  the  tributaries  of  Sheep  Creek  north  of 

Sturdivant's  ranch. 
Within  the  area  of  the  Arikaree  formation  tiiere  are  a  number  of 

places  at  which  springs  occur.     These  do  not  appear  to  issue  at  any 

Particular  horizon,  and  in  many  eases  are  simply  the  reappearance  of 

^he  seepage  water  which  follows  along  the  valleys  under  tlie  sand. 

Such  springs  are  found  on  Red  Cloud  Slougli,  .L  M.  Creek,  and  the 

k«ad  of  Sheep  Creek  north  of  Spoon  Butte. 
Hawk  Springs,  at  the  west  end  of  06  Mountain,  is  perhaps  the  largest 

•^Hsalled  spring  in  the  Goshen  Hole  rountry.     At  this  \ocaYvVy  Wift 

pound  is  seepx,  and  the  wnU*r  rises  at  a  number  of  places,    IVYvaa 
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been  daiuiucd  in  so  «i8  tu  form  a  small  i)ond,  and  an  irri^j^ation  di 
has  iH'en  const  ruet<'d  to  carry  the  flow  onto  pasture  lands.     The  w 
of  the  water  can  not  be  definitely  determined.     From  examination 
the  valley  of  Horse  Creek,  farther  south,  and  a  study  of  the 
adjacent  to  it,  it  appears  that  a  considerable  quantity  of 
water  passes  laterally  from  the  creek  into  gravels  and  sands,  and  it  is 
improbable  that  Hawk  Springs  is  the  point  of  issuance  of  this 
which  follows  a  natural  dmnnel  now  olmcured  by  surficial  materiftL 

ponds, — Within  the  area  of  Goshen  Hole  there  are  many  s! 
ponds,  in  a  larj?e  number  of  which  water  stands  nearly  all  the 
These  ponds  are  commonly  spoken  of  as  water  holes  (see  PI.  X, 
Tliey  are  usually  shallow,  seldom  \mn^  over  2  or  3  feet  in  de] 
Their  bottoms  are  filled  with  mud,  which  is  trami>ed  up  by  the 
and  when  the  water  evaiwrates  it  leaves  a  mire  in  which  cattle  soi 
times  stick  fast. 

The  water  holes  occur  in  moderate  depressions  which  have  a  irfft- 
tion  to  the  lines  of  drainage.  These  depressions,  however,  are  noli 
infretiuently  20  f(H>t  beh)w  the  grade  of  the  channel.  Careful  instnhl 
mental  surveys  ai*e  required  in  some  places  to  determine  in  whati 
direction  water  would  flow  in  case  of  flood,  since  the  relief  is  veif 
irregular,  and  no  definite  drainage  system  can  be  made  out  by  stndj- 
ing  channels.  The  origin  of  the  ponds  or  water  holes  is  a  questioB 
of  considerable  interest.  The^'  appear  to  have  been  produced  in  tht 
following  ways: 

In  times  of  flood  the  water  carries  a  heavy  load  of  sediment.  This 
sediment,  t:Ogether  Avith  the  debris  of  the  vegetation,  finds  lodgment 
in  th(*  greas<3Woo<l  and  sagebrush  along  the  streams,  and  causes  ft 
slight  damming  of  the  channel.  In  this  way  the  water  courses  are 
ponded.  After  the  run-off  water  has  ceased  to  flow  the  ponds  art 
fre(iuente<l  by  cattle,  whi(;h  tramp  the  mud  and  puddle  it  so  thai  it 
holds  water  much  betU?r  the  secrond  time  that  it  is  tilled.  The  cattle 
in  going  away  cany  a  consideral)le  quantity  of  the  mud  on  their  feet| 
and  by  tramping  form  an  irregular  rim  at  the  bowler  of  the  water. 

Another  cause  of  the  ponding  of  the  channels  is  due  to  the  fact  thftt 
when  a  stream  enters  at  right  angles  to  the  channel  its  sediments  form 
an  alluvial  fan.  In  case  of  heav^'  rainfall  the  wind  from  a  slope  down 
which  a  stream  flows  with  considerable  velocity  is  carrie<l  and  depos- 
ited as  a  barrier  across  the  channel.  Sometimes  a  trail  crossing* 
stream  breaks  the  sod,  so  that  a  ([uantity  of  sand  sufficient  to  obstruct 
the  channel  is  brought  down  <luring  a  heavy  rain.  E.xamples  of  pond- 
ing of  this  kind  may  be  seen  in  many  of  the  streams,  particularly  io 
the  area  of  the  Arikaree  formation,  which  consists  largely  of  sand. 

Another  probable  method  of  ponding  is  by  solution.  The  wate* 
along  the  stream  channels  sinks  into  the  ground  at  certain  places  an^ 
in  percolating  carries  with  it  materials  in  solution,  so  that  a  depre* 
sion  is  formed  where  this  process  continues  for  a  long  time.  Local' 
ties  at  which  this  would  naturally  take  place  are  where  the  undet 
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g  formations  are  iK>rous  and  capable  of  carrying  a  larpe  quantity 
;round  water.  The  sink«  which  originate  in  this  way  an*  readily 
isformed  into  y^sit^r  holes  when  silted  up  with  fine  clay, 
rhe  wind  'wliieli  carries  away  the  sand  and  loose  ch;y  from  the 
iTginsof  tVie  -water  holes  is  also  an  agency  in  producing  depn»ssion». 
ir a  considerable  distance  around  the  standing  water  the  ground  is 
■debare  l>y  tlie  tramping  of  the  cattle,  and  the  grass  is  eith«»r  graz«»<l 
Ibytbe  herds  or  cut  down  by  the  prairie  dogs,  wliicli  have  their 
■tns  near  by.  The  wind  carries  away  all  the  loosened  material,  and 
athe  course  of  time  is  undoubtedly  a  conspicuous  fa<*tor  in  <bM»p<»n- 
hgthe  depression.  Where  the  surface  formation  is  of  a  sandy  nat  ure 
■dhas  beneath  it  a  day,  the  action  of  the  wind  is  undou]>tedlv  sufti- 
BTOttoblow  out  a  eonsidemble  basin,  and  when  the  sand  is  carried 
■way  down  to  the  depth  at  which  the  clay  occurs  the  conditions  ai'e 
mpplied  for  a  iK)nd,  when  there  is  any  largt»  amount  of  rainfall. 
Within  the  area  of  Goshen  Hole  there  is  nearly  everywh(»n»  i)rc»scnt 
■  considerable  amount  of  surficial  material,  which  is  largely  sand. 
Blowouts,  as  they  are  called,  which  have  a  depth  of  10  to  1.5  foet,  art* 
lot  unusual.  The  bottoms  of  these  are  usually  th<»  clays  or  undis- 
tarbed  and  original  formations,  which  are  relatively  impc»ryious  to 
i*ter.  It  is  probable  that  the  alignment  of  some  of  the  water  holes 
which  seems  to  indicate  a  former  channel  mav  be  the  result  of  the 
direction  of  the  wind,  which  has  produced  a  number  of  blowouts  at 
a  locality  where,  for  some  reason,  the  sod  has  lHK»n  rcMnovcd  an<l 
deflation  rendered  possible. 

Perhaps  tlie  most  common  cause  of  ponding  of  stream  channels 
within  this  area  is  the  drifting  of  sand.  The  most  notable  example 
of  it  may  be  seen  on  Sheep  Creek,  where  the  valley  is  er<)sse<l  by  a 
hJgh  range  of  .sand  hills.  Above  the  barrier  of  sand  the  water  disap- 
pears in  what  is  known  as  the  sinks  of  Sheep  Creek.  At  this  plaee 
the  stream  sinks  into  the  sand  and  appears  lower  in  the  valley,  where 
the  channel  is  unol)structed.  The  sand  hills  at  the  sinks  of  SIkm'I) 
Creek,  however,  do  not  cause  a  permanent  ponding  of  water,  because 
they  are  porous  and  the  basin  has  not  become  silted  up  with  clay  so 
as  to  hold  the  water.  The  drifting  of  tlie  sand  ()<*cnrs  on  a  smaller 
Male  at  many  places  in  the  area  of  the  (loshen  WiAo.  When  oncc^  the 
harrier  of  sand  accumulates  across  a  line  of  drainage  it  may  become 
Bedded  over,  and  where  the  relief  is  low  the  lines  of  drainaire  soon 
hecome  obsc*ured. 

HV/.s. — Inasmuch  as  the  settlements  have  usually  been  made  near 
funning  water  or  springs,  the  wells  that  have  l)een  dug  have  mostly 
hoen  shallow  ones  and  obtain  the  ground  water  which  is  found  along 
the  vallevs  of  the  streams.  Lately,  however,  settlers  on  the  UT)land 
have  dug  wells  for  d<miestic  use,  and  deep  w(»lls  have  been  drilled  in 
order  to  supply  stock  water. 

In  the  southeast  corner  of  the  Gosh(»n  Hole  quadrangle,  on  V\\e  \\\vt\^ 
Wl,  the  depth  to  wnter  is  prHcticHHy  the  distance  wh\c\\  \uv\sl  \>e 
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drilled  in  penetrating  from  the  surface  to  the  level  of  the  Bnile  clay. 
The  wells  in  this  locality  are  reported  to  be  from  220  to  300  feetia 
depth.  In  the  northern  part  of  the  Patrick  quadrangle,  in  the  vicinity 
of  Lone  Sand  Hill,  d<H3p  wells  have  l>een  drilled  to  obtain  water  for 
cattle,  and  they  recach  a  depth  of  from  180  to  250  feet.  Inasmuch  as 
this  localfty  is  a  considerable  distance  from  any  known  outcrop  of  tte 
Brule  clay  and  the  information  as  to  what  was  passed  thi-oughit 
drilling  is  not  very  definite,  it  can  not  be  determined  with  certain^ 
whether  these  wells  reach  the  line  of  contact  between  the  ArikArea 
and  Hrule  clay.  The  probability  is,  however,  that  this  is  the  ease, 
since  the  Arikaree  is  seldom  found  to  contain  much  water,  and  tha 
wells  ai'e  not  exhausted  when  pumiced  stejidily  by  means  of  windmilb. 
In  the  i)ortion  of  the  area  here  discussed  in  which  the  surfidal 
materials  overlying  the  Hrule  clay  have  a  considerable  thickness, 
shallow  wells  have  been  found  whei-e  thei*e  are  local  basins  of  water 
held  by  the  irregular  surfac^e  of  the  clay.  Examples  of  wells  of  this 
class  may  be  found  east  of  La  (Trange,  on  the  relatively  level  country 
south  of  GO  Mountain.  They  have  a  depth  of  fmm  20  to  75  feet, 
some  of  the  deeper  ones  appaivntly  having  penetrated  a  considerable 
distance  into  the  clav. 

ft 

Within  the  area  of  Goshen  Hole  where  the  Cretaceous  formations 
outcrop  some  deep  wells  have  been  drilled  with  the  hope  of  finding  a 
supply  of  water  for  cattle,  and  other  borings  have  been  made  inpros^ 
pecting  for  coal  along  Horse  Creek.  In  all  these  cases  an  abundance 
of  water  has  l)een  found,  ])ut  it  is  not  of  good  quality.  It  is  com- 
monly spoken  of  as  ])eing  "alkali"  or  salty.  This  is  not  an  uncom- 
mon characteristic  of  tlie  water  in  the  C'l'etaceous  formations,  and 
indeed  of  large  areas  in  Wyoming  where  the  rocks  are  of  other  agea; 
The  source  of  the  mineral  Scilts  which  ai*e  contained  in  the  water  is 
not  easily  explained.  Inasmuch  as  the  water  at  nearly  all  points  is 
equally  bad,  the  supposition  is  that  the  salts  are  diffused  throughout 
the  formation  and  may  be  an  orginal  constituent  dejwsited  at  the 
time  the  sediments  were  formed. 

Where  irrigation  is  carried  on  the  percolation  of  the  water  renders 
the  ground  springy  an<l  welLs  are  sunk  only  a  few  feet.  The  water 
obtained  in  such  cases,  however,  is  not  of  good  <[uality,  inasmuch  aa 
it  is  the  seepage  from  irrigation,  and  when*  the  land  has  been  irri- 
gated for  a  number  of  veal's  it  is  apt  to  contain  mineral  salts  as  * 
result  of  the  long-continued  (evaporation.  Tln\se  salts  ai'e  usuall} 
spoken  of  as  '•alkali.''  They  are  in  reality  sodium  chloride  or  com 
mon  salt,  so<lium  sulphate,  calcium  sulphate,  or  gypsum,  and  magne 
sium  sulphate,  togethc»r  with  certain  oth(»r  salts  in  smaller  quantities 
They  have  the  property  of  making  the  water  hard  and  rendering  i 
undesirabh*  for  domestic*  use. 

Arfcsian  f cells. — Thus  far  no  artesian  wells  liave  l>een  obtained 
within  the  Patrick  and  Goshen  Hole  qua<lrangles  which  are  indieativ 
of  general  artesian  conditions.     In  prospecting  for  coal  along  Ilors 
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Creek  some  of  the  wells  which  reaoh  a  c*onsiderable  depth  are  rei)orte<l 
to  have  flowed  a  steady  stream,  but  tliese  wells,  inasmueli  as  tlie  water 
was  not  soft  and  fresh,  were  not  thought  worth  preserving.  Near 
Robb'srancli  there  is  a  shallow  well,  generally  reported  to  he  from  20 
to  40  feet  deep,  which  flows  a  small  hut  steady  stream.  It  is  not  cased 
up,  and  the  water  which  rises  in  it  fonns  a  pool  a  few  feet  in  diameter, 
from  one  side  of  which  the  flow  escaiK»s.  Tlu»  hxrality  is  fre(iuented 
by  stock  as  a  watering  place.  Nothing  could  be  learned  concerning 
the  structure  of  the  formations  at  this  place  which  was  at  all  con- 
clusive. The  surficial  materials  are  extensive  in  this  locality,  and 
the  Brule  clay  apparently  underlies  them.  The  <leptli  of  the  well 
could  not  be  learned  with  certainty,  and  no  information  was  available 
asto  what  was  passed  through  in  digging  it.  The  probability  is  that  the 
How  comes  from  a  local  b^isin  in  which  th<»  gi'oun<l  water  accumulates. 
As  to  the  existence  of  artesian  wat<»r  at  considerabh*  (lei)ths  in  this 
country,  it  may  l)e  well  to  state  that  in  case  it  should  In*  found  in  the 
Cretaceous  it  would  probably  be  in  charact4»r  lik(»  that  which  has  lH»en 
descril)ed  from  the  wells  in  Goshen  Hole,  not  suitable  for  domestic  use 
ind  only  fairlj'  acceptable  for  stock  water.  The  water  which  is  found 
in  deep  wells  drilled  on  the  upland  often  rises  for  a  considerable  dis- 
tance in  the  wells,  but  it  d<ies  not  have  sufilcient  head  to  flow,  and 
when  pumped  steadily  falls  lower,  so  that  it  is  neiressary  to  pump 
from  the  bottom  of  the  well  in  nearly  every  cast^  where  a  large  supi)ly 
is  needed.  The  quality  of  the  wat<4'  found  in  the  Tertiaiy  is  usually 
good,  although  not  always  abundant. 

IKUIGATION. 

Tlie  irrigation  enterprises  in  the  l^itrick  an<l  (Joshen  llol<»  ([uad- 
ranjj:les  comprise  a  large  number  of  <litclu»s.  Some  of  them,  how(»ver, 
ire  short.  This  is  particularly  true  of  those  which  d(»rive  thoir  water 
from  the  small  streams.  Alonglhe  Phitle  Hiv<'r  the  amount  of  water 
tvailable  for  irrigation  puri)oses  is  more  abundant  and  tin*  canals  are 
wider  and  have  been  carried  for  s(*veral  miles.  Tin*  bottom  lan<l  of 
this  valley  includt^s  most  of  the  cultivated  tracts  an<l  is  at  prescMit 
ftearlv  all  under  ditches.  The  canals  have  not  b(»en  snrveved  in 
detail,  and  inasmuch  as  th<»  water  rights  have  not  ])een  a<lju(licat(»d 
hy  the  State,  the  flowage  and  capacity  of  many  of  theni  is  not  a  matter 
of  recorfl.  On  the  accompanying  map.  IM.  \'11I,  the  areas  which  are 
shown  as  cultivated  land  under  irrigation  are  those  which  wen*  noted 
*ndmapi)e<l  by  Mr.  Ernest  F.  Uun'hard,  who  assiste<l  in  the  snrv<'yof 
the  region.  Not  all  the  <litches  havt*  been  mapped,  since  some  of  them 
»re  used  only  for  diverting  th<»  water  onto  meadow  and  |)asture  lan<ls. 
The  cultivate<l  area  under  anv  <litch  varies  in  si/.f»  from  v<'ar  to  vear 
with  the  condition  of  the  ditch  and  the  enterprise  of  the  farmer.  From 
time  to  time  contests  have  arisen  as  to  priority  of  rights,  and  because 
)f  the  limited  amount  of  water  available  certain  canals  w\ue\\  vvw  nv^W 
ocated  have  lieen  nhamloiwd.     In  some  cases  the  waVev  Ilvovw  \\ve 


32  PATRICK    AND   GOSHEN   HOLE   QUADBAN0LE8.  [^c 

Streams  is  utilized  by  ditches  which  do  not  divert  it  onto  lands  t 
can  l)e  economically  cultivated. 

Little  Horse  Creek  ditches. — Little  Horse  Creek  does  not  hav 
very  large  amount  of  water  in  it,  except  at  flood  times,  but  its  us 
flow  is  appropriated  by  small  ditches,  as  are  also  the  flows  from  spr 
branches  in  its  valley.  The  ditches  which  divert  it  are  the  Sprinijd. 
llerrick,  Gonlon,  Lykens,  and  Iloyt. 

Horse  Creek  ditches, — The  valley  of  Horse  Creek  for  a  considcn; 
distance  in  the  area  heiv  discussed  is  narrow  and  somewhat  can> 
like.  Ditches  have  been  constructed  along  this  portion  of  its  ecu 
but  practically  all  of  them  have  been  abandoned,  although  som 
the  small  ones  are  used  for  irrigating  gardens  and  limited  niea« 
lands.  The  first  important  ditch  within  the  area  here  discusse* 
known  as  the  Code  diteh.  This  diverts  the  water  into  what  e\U\c 
was  formerly  a  vallej'  of  Horse  Creek  before  its  flow  was  capture 
Little  Horse  Creek.  This  valley  is  known  as  the  Big  Draw  and  h 
gentle  grade,  so  that  the  water  is  economically  applied.  This  di 
is  so  situated  that  it  could  utilize  the  entire  flow  of  the  stream  all 
head  gate  except  at  flood  times.  By  constructing  reservoirs  a  conj 
erable  quantity  of  flood  water  might  be  stored. 

On  Horse  Creek,  in  the  vicinity  of  La  Grange  post-office,  the 
of  the  stream  is  considerable  at  practically  all  seasons  of  the ; 
and  is  utilized  by  the  La  Grange  ditches.  These  are  located  sev 
miles  below  the  Co<le  ditch,  and  the  flow  of  the  stream  at  this  p 
is  considerably  increased  over  that  which  passes  the  head  gate  of 
Code  ditch.  Below  the  La  Grange  ditch  the  T.  M.  Herrick  ditch 
some  others  are  so  situated  as  to  utilize  the  water  which  passes 
La  Grange.  A  small  ditch  has  recently  been  constructed  at  L 
Willows.  It  irrigates  a  narrow  tract  in  the  immediate  valley  of 
creek.  The  next  point  at  which  the  flow  is  available  for  irriga* 
purposes  is  near  the  State  line.  The  Lawrence  ditch,  which  ha«  I 
constructed  at  this  place,  is  provided  with  storage  reser\'oir8  and 
gates  a  considerable  tract.     There  is  in  addition,  a  short  distaj 

below,  the  Brazil  and  Marsh  ditch,  which  is  connected  with  the  li 

I 

reuce,  and  the  Ilockster,  Foster,  and  Roberts  ditches,  which  irrig 
small  tracts. 

Bear  Creek  ditches, — The  valley  of  Bear  Creek,  where  it  is  6 
tracted  within  canyon-like  walls,  has  no  large  ditches.  At  nel 
every  ranch  some  water  is  diverted  onto  narrow  meadow  laudfl 
garden  patches,  but  the  amount  irrigated  in  this  way  is  inconsid< 
ble.  These  ditches  are  not  show-n  on  the  map.  To  the  west 
Meriden  post-office  Spring  Branch  enters  Bear  Creek.  It«  flbii 
utilized  by  the  Dater  ditch,  which  irrigates  only  a  few  acres.  Bo 
this  point  Bear  Creek  ditch  diverts  the  water  on  the  lands  in 
vicinity  of  Meriden  i)ost-oftice.  The  flow  of  the  stream  farther  oi 
utilized  by  the  Vanwedel  and  Goshen  ditches. 

Fox  Creek  ditches, — This  stream  has  a  very  limited  flow,  but 
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ttort  bsB  been  made  to  Tttiliie  it  by  the  Fox  Creek  and  Kessler  ditches. 
Im  uDoant  of  water  is  sufficient  for  only  smaU  tracts.  Lands  onto 
'hieh  it  is  diverted  are,  howeTer,  favorably  situated. 

Bawhide  Cfreek  diichea. — ^Rawhide  Creek  lias  too  limited  a  ilov 
nring  the  dry  season  to  justify  the  oonstractloa  of  large  ditches.  The 
Ititlett,  Patrick,  and  Snowditches  utilize  the  water  of  thisstream.  In 
ddition  there  are  small  ones  which  divert  the  water  onto  meadow  l»nds. 

Fhite  Siver  dUches. — On  the  north  side  of  the  Platte  River  the 
Is  which  have  been  eonstmcted  from  the  vicinity  of  Fort  Laramie 


FiO.  4.— Map  dlioiriiiB  onstnu-tei)  aod  propow^  OHiials  alonm  North  P 

Mtward  are  the  Lucerne,  Torriugton,  \iii-lh  Plalte,  anil  Pratt. 


The 


inners  canal  has  its  head  gftte  at  the  eastern  border  of  the  niva.  Its 
ov  is  utilized  principally  to  the  eastward  of  the  area  here  ilisciissed. 
n  the  south  side  of  the  river  the  Grotton,  Fnioii  Cattle  t'ompany, 
srrows,  and  Mitchell  ditcher  are  in  oi>cration.  Hie  last-named  one 
rhich  irrigates  a  large  tract  farther  east,  in  Nebraska^  Ivas  ft  wcoxi^ 
ltd  gate,  knoww  as  tho  Gering  Jimiich.  The  Platte  River  AWcVeff 
jXB  70— 02 3 
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aiv  SO  siliiaU'd  tlial  lln\v  aiv  i)ra<'ti<*ally  alx>v^^  all  tlioalluviuin  of  the 
valley.  Tills  aroa,  howi»v«M\  is  iicit  all  siiiiable  for  cultivation,  since 
some  of  it  is  too  uiicvon  and  otlior  portions  are  so  sandy  and  p'avclly 
thai  the  \vati*r  ran  not  h4»  «M-onomi<*al1y  applied.  With  further 
X)reparalion  of  the  land  and  by  successive  saturation  of  the  .soilarettS 
which  are  now  not  cultivated  will  he  rcudeivd  suitable  for  farm  land. 

It  has  lHM»n  proposed  t<i  div<»rt  the  waters  of  the  North  Platte 
near  (Tuerusev,  to  the  west  of  the  area  here  discussed,  and  cany 
it  by  means  of  a  lonjr  <litch  into  the  (tosIicu  Hole  country  (.see  fig.  4). 
Surveys  have  Ix^en  made  alonj?  the  lin4»  Avhen*  this  dit<.*h  is  expet^ted 
to  run,  but  tin*  cost  of  <MUistru<*tion  has  been  considered  relatively  too 
givat,  and  Ix'cause  of  having  to  cross  stivams  and  to  maintain  the 
canal  through  a  rou^h  country,  pnmiotersof  this enterpiiHe have heea 
d(»ternMl  from  (•arryiii;;  out  their  plans.  The  country  in  Groaheullole 
winch  this  canal  is  <»xpect<»d  to  iH.M'laim  is,  however,  of  a  character 
suited  to  irripition. 

He(*entlv  survevs  have  been  ma<le  for  a  canal  on  the  north  side  of 
the  Platte  with  the  head  j^ate  at  the  vicinity  of  Whalen  Canyon  (see 
11^.  4).  This  <litch  is  expected  to  reclaim  a  larji^  tract  of  land  and 
has  be<Mi  planned  under  the  provisions  of  the  Carey  act.*  The  courae 
which  it  will  follow  is  relatively  lon^  and  runs  tliroujrh  considerable 
rou^rh  ;rround,  whei-e  there  will  be  a  loss  of  wat^r  by  seepage  through 
the  sands  and  jirravel.  This  loss,  however,  will  diminish  as  the  eanJ 
bi*conic»s  silted  up.  Hesides  small  tracts  along  its  upi)er  course  the 
area  which  it  is  expected  to  rechiim  lies  principally  along  the  month 
of  Hawhide  CriM'k  and  «»asl  of  that  stn»am,  which  it  will  cniss. 

TIMJJKH,  OUASS,  AND   AiilMCULTURA  L  PKODUCTS. 

Tlnihrr. — On   the  lli^^h  Plains,  to  which  the  ixivA  heiv  disciisi(ed 
bclon«;s,  limber  (wcurs  only  at  favonMl  localities,  and  seldom  in  areas 
sulUciently  lar«;<»  to  render  it  a  vahiabh»  resoui*ce.     In  the  absence  of 
coal,  wocMJ  uf  any  kind   is  valuabh»  for  fuel,  and  is  hauled  long  dis- 
tanc«'s.     The  trees  whi<*h  grow  on  the  ])lains  an>  not  very  ginnl  for  > 
building,  although  they  an'  freciuently  utilized  by  the  settlers  for  the  I 
eonstru<*1  ion  of  log  houses  and  small  buildings.     Their  principal  lis*  | 
has  been  to  furnish  posts  for  fences.     One  reason  why  the  timber  i 
does  not   furnish  valuabh'  lumber  is  because  of  its  slow  and  stunted 
growth.     ]VIoreov4M\  the  vari<*ties  do  not  represent  the  more  durable 
woods.     On  th<»  bluffs  and  escarpments,  and  occasionally  the  lone 
liills,  then*  is  a  s<*ant  growth  of  pine  and  cedar.     This  timber  has  l)ee» 
largely  deph»ted,  and  sometimes  in  cutting  it  c«msiderable  waste  h** 
resulted   from  the  leaving  ()f  the  tops  and  stumps.     After  the  tre<^ 
whi<'h  furnislH'd  jrood  logs  foi*  building  had  been  cut  away  and  tli** 
.smaller  ones  suitable  for  j)osts  ha<l  been  used  up  by  the  ranehnic**^* 
the  settlers  found  that  wood  was  becoming  so  valuable  that  tli^^J" 
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te(l  to  the  haiiliiiir  of  the  stiiinps  and  tops  for  fuel.  The  area  in 
h  the  pine  auci  eoclar  oct^ars  is  shown  on  the  aceomimnyin^  map, 
nil.  In  nearly  all  the  localities  pine  frees  predoniinaite  over  the 
r;  at  no  place  is  there  a  ilense  growth.  The  color  syinlx)!  imli- 
sthe  area  in  ^'hieh  scattered  trees  are  found,  and  should  not  be 
ppret4Kl  as  denoting?  well-woo<led  land. 

Loug  the  streams  and  in  the  valley's  in  which  sniall  springs  <N?cur 
OMih  of  deeiiluous  trtH's  is  found.  The  species  are  relatively  few 
mmljer,  the  priHloniina ting  ones  Tieingthe  Cottonwood,  willow,  and 
.elder.  Their  jjjrowth  is  such  that  they  do  not  furnish  goixl  tim- 
r,  ami  their  principal  value,  outside  of  supplying  a  i)oor  quality  of 
ewoiHl,  is  in  giving  shade  for  cattle  in  the  summer  and  shelter  dur- 
j|winter  storms. 
le  trees  which  have  be^Mi  a])le  to  maintain  themselves  are  those 

kh  have  abundant  and  wingeii  seeds.     The  wind  transports  the 

for  long  distances,  and  it  is  probably  due  to  this  agency  that 

1  clumps  of  trees  are  found  in  gulches  at  widely  sei)anited  locali- 

The  occurrence  of  the  trees  along  the  streams  where  seeils  c;ould 

transporter!  by  water  may  also  l>e  oljserved  on  the  Platte  River, 

Creek,  Rawhide  Creek,  and  the  other  streams. 

The  localities  which  seem  favorable  to  the  growth  of  the  soft  wcmmU 
places  in  which  considerable  moisture  is  present.  The  pines  and 
iars,  on  the  contrary,  ai-e  found  on  the  dry  and  nearly  barren  bluflfs 
bd  ^sc^arpnicnts.  It  is  in'obablc  that  thcr<»  has  never  been  a  bniHder 
Istrilmtioii  of  tinil)er  than  at  the  present  time.  Ex<*ept  that  w»ttlers 
lave  cut  away  tlu*  trees,  the  tendency  has  l)een  towanl  an  incn»ase 
ftther  than  a  deci-ease,  lK»cause  of  the  fact  that  prairie  fires  an*  not. 
0k)Wi*4l  to  run  so  widely  as  in  former  times. 

Grn.sst.s. — The  surface  of  tin?  High  Plains  is  largely  hehl  by  the 
p».ss  so«l.  Without  this  protecting  covering  the  surface  would  be 
toon  deeply  cliauneled  by  th(»  run-off  water  or  blown  into  sand  hills. 
FheriM.'k  f<»rniati()nsand  tlie  detritus  which  results  from  their  weather- 
bgare  largely  saml  or  material  which  does  not  c»ement  ivadily,  and, 
Wn;r  in  an  arid  region,  is  rapidly  reduce<l  to  small  partieles  and  dust 
rtiicli  «*an  be  transported  by  the  wind.  Wherever  for  any  reason  th«* 
jntss  has  Immmi  killed  out  one  can  observt*  th<*  results  of  win<l  erosion 
irthe  eutting  of  (*hannels  by  the  run-off  water. 

The  grasses  which  grow  on  the  High  Plains  an*  of  many  varieties. 
?h>bably  over  1<M)  species  otM'ur  within  the  area  here  discussed.  TlnMr 
raliK'  as  forage  is  known  to  cattlemen,  although  the  various  kinds 
ire  not  earefully  distinguished.  Tin*  more  ehara<'t<'risti<*  types  are 
ciminonly  denoniinattMl  buffalo  grass,  grama  gras.s,  wheat  grass,  bn;u  h 
Tass.  n«'edh»  grass,  prairie  grass,  bh)W-out  or  san<l-hill  grass,  an<l  nig- 
ler-wiKiI  or  lda<'k-root  grass.  In  riding  across  the  prairie  the  vari<ius 
pwi«»s  may  l)e  seen  to  «)ecur  in  patches  of  irregular  shai)e,  sometimes 
f  consideralde  size,  but  usually  they  are  mingled.     Where  a  s\ug\ii 
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s]M»i'irs  <MMMipi<»s  «in  urea  it  may  l»e  distiiipuishod  from  the  surroiiudi 
j^i*ass«*s  l>y  the  (lifferoin'o  in  color  and  lon^th  of  stem.  Not  infi 
<jU<Milly  S4.»vi'ral  siweies  may  Ik*  sihmi  ;rro\vin^  in  diHlinctly  uiarki 
pat^jhcs,  all  einhrared  within  the  ranj(e  of  vision.  While  the  natu 
grasses  of  tliis  eonntry,  with  the  <»xeeption  of  a  few  kinds,  are 
lon;r  <*noiiKh  to  rnrnisli  liay,  th<*y  are  partieularly  nutritious  and  vail 
able  as  nat  ural  past  ura^e.  To  one  aeeustomed  to  the  luxuriant  pniiri^ 
^rass  of  the  middle  s«*(*iion  of  theUnitcnl  States  the  Imffalo  grass  and 
simihir  varieties  which  are  sometimes  s]K)ken  of  under  the  eommo^ 
nani<»  of  *' short  ^rass"  apiM*ars  at  first  to  lie  v»lueh*ss  as  |)H8turaga 
As  a  matter  of  fac*t,  a(*eordin^  t<»  the  amount  of  vegetation,  they  an 
ri<'iier  than  the  prairie  grass.  The  aiva  requircni  for  pasturage  il 
neeessarily  great  lM'eans«»  of  th<*  small  gi-owth.  Unlike  the  prairk 
grasses,  tlie  short  grasses  (*ure  (»n  the  s<m1  and  maintain  their  nutriti^ 
value  during  th<'  winter  s(*ason,  so  that  they  form  a  natural  paston 
the  year  round.  When  fail  rains  occur  the  leaching  of  the  gnui 
l<*sst»iis  its  valu<»,  hut  fortunately  the  seasons  are  usually"  dry. 

Althougli  the  grass  of  the  plains  is  short,  certain  species  ai^cut  foi 
liay  and  are  found  to  he  of  ex.c*epticmal  value.  One  of  these  is  knowi 
as  wlieat  grass.  The  valuable  part  of  the  hay  consists  of  the  seed, 
whl<*li  .soint^what  resembles  the  hea<l  of  wheat,  although  much  smaller. 
The  InngiM*  grass(\s  of  the  sand  hills  ar<^a1so  cut,  but  are  not  esteemed 
so  highly.  In  mowing,  th(*  liay  is  nuide  to  fall  on  a  table  behind  tfai 
sii'kle  bar,  when*  it  is  held  until  a  considerable  quantity  is  aceuinO' 
latf'd,  when  it  is  dumiMMl.  This  obviates  the  necessity  of  raking  and 
makes  it  possible  tn  gather  hay  whieh  it  would  l>e  <liflftcult  to  colled 
1)\-  aiiv  other  method. 

///  rhnrrntfs  jfhftifs. — In  the  more  sandy  portion  of  the  country,  i>ar 
tienlarly  within  tlie  area  of  (ioshen  Hole,  sagebrush  and  grease  wood 
are  f<nind,  |>raeti<*ally  excluding  other  plants  at  certain  liK^alitieflb 
Tliest'  herl)ae<Mms  |)lants  serv(»  the  ]>urpose  of  forage  to  some  extenti 
but  an*  not  so  valuabh' as  tin*  prairie*  grass.  Sheep  eat  them  mncli 
more  than  cattle  clo,  and  are  praetieally  the  only  stock  which  can  bc 
hei'ded  in  such  an  an»a.  Intermingled  with  the  grease  wooil  and  sage- 
brush are  Inr^e  pat<'hes  of  ea<*tus  f»r  pri<*kly  i)ear.  Where  lK>th  d 
tliese  oeeur  the  prairie  grass  is  choke<l  out  and  the  land  rendered 
nearly  valueh*ss  for  grazing.  The  most  impoi*tant  function  of  thifl 
(•la.ss  of  vegetation  is  in  retaining  the  san<l,  whi<»h  would  otherwise  lie 
bl(»wn  into  sand  liills. 

^It/rlrulfunil  jH-nfhtffs. — Most  of  the  land  wJiich  is  cultivated  il 
unth'r  irrigation.  The  seasons  are  not  favorable  for  raising  gram 
although  some  of  ii  is  ])roduee<l  each  year.  Oats,  wheat,  and  barle] 
do  well  when  irrigated  and  not  attaektMl  by  rust  oi' mildew.  Inasniucl 
as  the  cattle  industry  requires  a  large  amount  of  forage,  ranchmei 
have  found  it  to  tlieir  advantage  to  raise  alfalfa,  since  its  yield  i 
large  an<l  it   re<iuin*s  little  cultivation.     The*  areas  indicated  on  th 
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f  map  (PI.  VIII)  as  iK'iii!?  irripittMl  are  nearly  all  dovot^-d  to  tln»  raising 

i  of  alfalfa.     The  hay  (Mmnnands  a  goixl  price  for  local  use.     Alon;;  the 

valleys  when*  it  is  raised  the  larjrer  ranches  aiv  l(M*a1ed,  and  during 

winter  the  i-attle  which  must  lie  fed  an»  ]>rou^ht  in  off  the  ran^re  and 

■  carried  thrnujrh  the  winter  storms  hy  fewlinjc  <>n  tin*  alfalfa.     The 

^  hanlifM*  cattle  are  usually  left  to  p'aze  on  land  which  is  res«M'v«Ml  for 

winter  pasture.     The  ])articular  vahh^  of  alfalfa  to  the  ranchman  lies 

,  in  th»»  fa«'l   that  lu^  is  enabled  by  feeding?  it  t^)  pn»veiit  loss4*s  in  his 

:  heni  and   brin*;:  his  stcK'k  throujrh  in  In^tt^'r  condition  f<»r  fat  toning  in 

'  the  spriii;r,  so  that  they  jro  into  the  market  early. 

Forage  ])lant.s  other  than  alfalfa  have  not  l>een  exiHM'imented  with 
extensively.  It  is  not  improbable  that  other  crops  could  Ik?  raisiMl 
which  would  yield  a  larger  amount  of  foo<l  for  <'atth»  ixM'  a<'n?  than 
alfalfa.  They  would  re<iuire  mt)re  cultivation,  however,  and  this 
would  be  against  their  popularity  in  a  rejrion  where  lalM)r  is  relatively 
warce. 

In  exceptional  years  punl  crops  can  b<*  raised  without  irripition, 
and  th«*re  are  s<»tth»rs  in  western  Nebraska,  adjacent  to  the  area  hen* 
disini.'istMl,  who  aiv  successful  in  nmintainin^i^  farms  on  tin*  uplands. 
In  \Vyon1inj2:  few  attempt  to  cultivate  the  prairir  land.  This  <litTer- 
ence  in  the  agricultural  industry  might  at  fii*st  sight  appear  tt)  1m»  due 
to  a  dilTerence  in  the  kind  of  settlers.  In  Wyoming  the  country  is 
given  nv«M*  to  ran(*]imen,  who  enjoy  the  privileges  of  fre<*  rang**,  while 
in  Nebraska  the  herd  hiw  protects  the*  settlei*s,  whose  croi)s  might 
oth«*rwis«'  1h'  overrun  by  cattle  even  if  fairly  good  fences  wit*'  built. 

.SKTTI.KMKNT  ANI>  OCCrPANi'V  OF  Pl'IJI.IC   LANDS. 

Eti ,'^ij  .sffflf  meiif  rflddrt  to  traferfor  .stork, — The  tirst  scttln-s  in  tlu^ 
plains  rrgion  worr  cattlemen  who  located  their  iioim*  randh's  with 
re>iKM*l  to  stock  water,  natural  meadow,  pasture,  and  siu'ltfrcd  loral- 
iti^'S.  in  th<*  b«*ginniiig  of  th(*  stork-raising  industry  tlu*  hnds  wrn^ 
wid<dy  separated  and  there  was  no  crowding.  With  incrofist'  o\'  tin' 
sizr  of  tin*  luMds  an<l  the  «*stablisiiment  of  ranch<*s  liy  inrn  of  larg(* 
ca[ntcil,  th«'n*  naturally  arose*  confli<*ts  conct^rning  privileges  of  tin' 
range.  In  onier  In  maintain  themselves  antl  obtain  e\elu>ive  us<» 
of  grazing  lands,  the  tirst  effort  of  tiie  eattleinen  was  dir<M-ie(l  to 
seen  ring  tiie  most  valuable  watering  pla<'es.  Since  the  streams  of 
the  area,  \\itii  the  exception  ot  the  largei- ones,  are  not  p«'i-ennial,  tin* 
lirst  I'anehe.s  w«'i'e  establishe<l  <»n  Slicep  Creek,  Kawhi(l<' ('i<*ek,  IMatte 
Kiver,  and  Horse  Creek  and  its  tributaries.  These  are  t<)-<lay  the 
most  important  lanches,  althougli  nianyotliers  maybe  found  at  hn^ali- 
lie>  wbcie  there  is  a  sulVicient  supply  of  water,  'i'he  laM<ls  whieh  were 
iKrciipied  as  home  ranches  were  iiomestratled.  and  in  ea<*h  mso  th<' 
land  to  whieh  tith^  was  thus  obtained  was  necessarily  a  small  tract. 
The  lanchman  4lid  not  need  land  for  agricultural  purj)oses,  and  with 
tn*e  range  his  cattle  were  left  to  graze  as  widely  as  they  w*vs\\vh\,  vvwOl 
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Ihm'oiiiiUmI  <m  thcMr  return  to  the  wateriiijj  place  as  one  moans  ^ 
holding  his  herd  together. 

After  the  most  desirable  Iwations  had  l>e<»n  secured  for  the  hi 
a  new  ranchman  coming  into  the  countiy  found  it  difficult  to  6 
o|x»n  wat4»r  at  a  locality  wheiv  his  cattle  would  have  an  index^em 
range.  The  spring  hran<*hes  and  smaller  streams,  and  even  the 
have  ])ecome  important  as  the  cmwding  of  henls  has  increased. 
long  as  there  was  no  inducement  ti>  settlers  to  homestead  the 
l):.'cause  it  was  of  little  value  for  agricultural  puriwses,  the  cattleiMI 
l>y  mutual  agreement  allowed  their  herds  to  mingle  to  a  coni^iderall 
ext4Mit,  and  dependr^l  u}>on  the  round-ups  for  keeping  track  of  tbei^ 
With  the  ptissing  of  the  law  which  provided  for  obtaining  title  totti 
lands  by  constructing  irrigation  ditches,  a  new  element  entered  il 
the  comi>etition  for  possession  of  the  grazing  lands. 

Kntri/  of  lands  finthrflu  tlest  rt-liinfls  (ict.' — According  to  the  prt 
visions  of  tlie  so-called  <icsi»rt -lands  act,  a  large  number  of  irrigatioi 
ditches  were  <*onstructed  whi<'h  were  intiMided  to  utilize  llie  supplyoi 
the  larger  streams.  The  nature  of  the  country  is  such  that  ditcba 
couhl  be  built  with  very  little  cximmisc,  especially  if  they  were  madi 
to  parallel  the  stream  channels,  and  inasmu(*h  as  there  is  consider 
able  grade  to  the  streams  at  som<*  bwalities,  ditches  were  carrie«l  fa 
a  considerable  <listance  away  from  the  valleys.  Although  it  wastlM 
intention  that  the  ditches  c(mstructe<l  under  the  desert  act  should  iN 
for  the  pur|>os<»  of  irrigation,  in  reality  nmny  of  them  simply  serxtjd 
tli<^  puriH)so  of  obtaining  title  to  th<*  land.  By  constructing  a  ditd 
parallel  to  th<»  stream  the  use  of  the  water  for  irrigation  purposes  waB 
obtained,  and  also  the  ownership  of  the  land,  which  brought  with  it 
control  of  the  stream  as  a  watering  phice  for  (*attle.  Since  the  watei 
supply  was  not  adequate*  for  inigation  i)urposes  all  the  year  roandj 
the  cattlemen  frequently  preferred  to  allow  the  water  to  flow  on  to  I 
natural  meadow  or  pasture  land  and  make  it  more  valuable  for  theii 
herds,  rather  than  to  attempt  the  raising  of  crops.  Some  of  th« 
ditches  which  were  constructed  were  pi'actically  abandoned  as  soon 
as  the  title  to  the  land  through  which  they  were  built  was  secured. 
AVluMc  the  supply  of  watci-  in  tin*  strenms  was  I'cally  adequate  foi 
irrigation  juirposes  the  ditches  which  were  l>uilt  are  of  use  at  th€ 
present  time,  provided  they  had  prioi-  rights.  The  ditches,  however, 
which  were  constructed  with  secon<l  and  third  rights  to  the  watei 
have  in  nmny  cases  been  abandoned  Iwcause  the  ditch  Imving  th€ 
first  right  takes  all  th<»  How  at  the  season  of  the  year  when  it  is  inosl 
(vsscMitial  to  the  <'rops. 

As  soon  as  the  construction  of  irriiration  <litches  began,  the  cattle 
m(»n  saw  that  it  would  be  necessary  for  them  to  enter  into  the  project 
or  they  would  be  <leprived  of  water  for  their  stock.  AccordinglJ 
th(»re  is  hardly  any  part  of  the  courses  of  the  perennial  streams  alo^^ 


■  For  the  prnvisioim  of  this  urt  >hh>  Av\h>ivA\"x.. 
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■Ueh  ditdbes  have  not  been  bailt  in  order  to  protect  the  water  rights 
■nd  obtain  titles  to  the  lands  bordering  the  streams.  Where  there 
^pas  only  a  limited  supply  of  water,  each  as  wald  not  be  reasonably 
~  to  irrigate  a  crop,  ditehes  were  sometimes  constructed  in 
to  obtain  title  to  the  land  so  as  to  ezeiade  herds  from  the  privi- 
of  watering.  Examples  of  such  ditches  will  be  fonnd  near 
and  alcmg  the  valleys  in  which  the  water  flows  only  at  flood 
end  at  other  seasons  stands  in  water  holes. 
The  nature  of  the  soil  and  rock  formations  in  the  Patrick  and  Goshen 
quadrangles  is  such  that  very  littJe  work  is  required  in  exoavat- 
the  ditches.  On  the  other  hand,  the  loose  and  sandy  nature  of 
AIb  eonntry  rendered  a  ditch  of  Utile  value  when  first  constructed, 
heaose  the  water  which  entered  it.seeped  into  the  ground.  After  the 
low  has  been  maintained  for  some  time  the  silting-up  process  made 
%  ditches  carry  a  larger  percentage  of  the  water,  but  unless  they 
we  kept  up  and  utilized  for  agricultural  purposes  they  soon  fell  into 
spoor  state  of  repair,  as  a  result  of  the  breaking  down  of  the  banks, 
vUeh  consisted  simply  of  sandy  loam.  When  the  water  was  turned 
pj^so  other  purpose  than  that  of  irrigating  natural  meadows  for  pas- 
llm  land,  and  cattle  were  allowed  to  frequent  the  dijbch,  it  was  a  mat- 
of  but  a  short  time  until  the  herds  had  destroyed  its  usefulness. 
^7  reference  to  the  accompanying  map,  PI.  XI,  the  reader  will  see 
wbit  portion  of  the  country  was  entered  under  the  desert-lands  act. 
The  percentage  of  land  to  which  title  was  obtained  under  the  provi- 
lioiisof  this  act  is  relatively  large  as  compared  with  the  whole  amount 
H  land  thus  far  entered  by  settlers.  A  considerable  portion  of  the 
had  entered  under  the  desert-lands  act  was  never  pi-oved  up  aceord- 
hg  to  its  provisions,  because  of  certain  rulings  of  the  Land  Office 
lUch  required  a  more  complete  reclamation  than  the  value  of  the 
had  would  warrant.  In  some  instances  the  cost  of  constnictiug 
ttehes  or  placing  them  in  complete  operation  would  have  been  too 
feat,  and  the  land,  when  considereil  valuable,  was  reentered  under 
iber  acts. 

While  it  was  not  the  intention  of  many  who  promoted  irri|ration 
Citerprises  to  simplj-  obtain  title  to  the  land  in  order  to  contn>I  the 
Huge,  this  was  the  final  result  in  many  cases.  Even  where  the  cost 
•tthe  construction  of  the  ditches  was ^reat  and  fully  equal  to  the  cost 
4the  land  through  other  modes  of  entry,  the  final  result  has  been 
flttsame  and  the  lands  are  now  used  only  for  grazing  purposes.  The 
hw  under  which  the  proposed  irrigation  ditches  in  this  region  will  be 
instructed  is  known  as  the  Carey  act. '-'  It  supersedes  the  desert  -lands 
Wt  and  provides  for  more  complete  reclamation.  With  the  exception 
<i(  the  waters  of  the  Platte,  all  the  supply  available  for  irrigation  pur- 
Poies  was  practically  appropriated  under  the  desert-lands  act,  and  tlie 
Carey  act  will  be  operative  principally  along  the  valley  of  Platte  River. 


•For  the  protinionM  of  thin  act  nee  Appendix. 
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Construction  of  reservoirs  on  jyublic  lands  for  watering  live  stocl 
The  provisions  of  the  act  of  CJonjjrress  relative  to  the  constructioD 
the  public  domain  of  reservoirs  for  watering  stock  are  set  forth  in 
appendix  to  this  paper.  The  regulations  and  rulings  of  the  L 
Office  relative  to  this  act  are  too  lengthy  to  be  set  forth  here.  Tl 
provide  that  not  more  than  IGO  acres  shall  be  reserved  for  a  reserv< 
and  that  no  reservoir  shall  l)e  made  within  a  half  mile  of  the  bou 
aries  of  a  group  of  100  acres  of  adjoining  or  cornering  tracts  alre^ 
reserved  under  this  act.  Land  so  reserved  shall  not  be  fenced, 
shall  be  kept  open  to  the  free  use  of  any  person  desiring  to  w* 
animals  of  any  kind.  The  rulings  also  provide  that  the  reser 
shall  Ik?  constructed  within  two  years  after  the  filing  for  the  site. 

As  a  matter  of  fact,  the  reservoirs  have  seldom  been  construe 
Ranchmen  have,  however,  filetl  upon  such  sites  as  it  has  been  of 
vantage  to  them  to  reserve  for  free  range.  Where  there  has  l)et 
probability  of  a  portion  of  the  public  domain  being  included  wi 
an  illegal  fence,  the  filing  of  a  reservoir  site  has  been  resorted  to  I 
rival  ranchman  in  order  to  protect  his  interests.  Since  the  landi 
which  reservoir  sites  are  located  are  reserved  from  public  sale,  fi 
on  them  has  in  some  cases  been  resorted  to  as  a  means  of  prevem 
the  oecupancry  by  prosi>ective  settlers  under  the  provisions  of  U 
acts. 

Entry  of  latids  under  the  homestead,  preemjytion,   iiml>er-ruU 
timber  and  stone,  and  other  acts. — Upon   examination  of  the  i 
PI.  XI,  which  shows  the  classes  of  entry  of  lands,  it  vill  be  seen 
the  portion  which  lies  in  Nebraska  was  practically  all  taken  unde 
homestead  act.     During  the  perioil  when  it  was  supposed  that 
plains  country  could  be  utilized  for  agricultural  purposes  settlers 
induced  to  take  up  the  lands  of  western  Nebraska  in  the  more  ii 
ing  localities,  and  titles  wei*e  perfected  in  a  large  percentage  of  cj 
whore  the  laud  was  entered,  althougli  actual  residence,  cultivad 
and   improvement  were  only  such  as  were  depianded  by  the  lettGj 
the  law.     The  lauds  which  are  owned  by  private  individuals,  i 
result  of  this  influx  of  settlei-s,  practically  all  lies  open  and  unfen< 
except  where  there  is  a  supply  of  water  available  for  irrigation  or 
th(»  support  of  a  herd.     The  ranchmen  have  acquired  simply  t 
portion  of  the  laud  which  borders  the  streams,  and  by  owning  1 
are  able  to  <*ontrol  the  range. 

The  percentage  of  land  entered  under  these  acts  in  Wyoming  isr 
tively  less  than  in  Nebraska.  This  is  i)robably  due  to  the  differ 
conditions  which  influenced  settlers  in  going  into  the  plains  coun 
and  is  largelj'due  to  the  fact  that  the  law  relative  toheixling  and! 
rangi*  was  dilferent  in  the  two  States. 

Occupancy  of  land  vol  naturally  watered. — Recently  ranchi 
have  found  that  the  tracts  of  land  which  are  not  occupied  are 
broad  stretches  of  upland  in  which  open  water  is  found  during  on 
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■it  of  fhe  year.  In  order  to  atiliie  ihb  Qrpe  of  eountiy,  wells  have 
eat  drilled  and  windmiUs  ereeted.  The  water  obtaiiied  hy  pnmpiiig 
I  stored  in  tanks  and  allowed  to  flow  into  watering  trooghs,  so  as  to 
nmish  the  cattle  a  constant  supply.  The  percentage  of  suceessf ol 
lells  thns  far  has  beenencoiir8ging,andtherepnmiisestobea  latger 
inmber  in  operation  in  the  near  future.  There  are  advantages  in 
Bfih  a  method  of  watering  stock  over  the  usual  method  of  allowing 
kern  to  run  to  ponds  or  streams,  particularly  where  there  is  no  eon- 
lant  flow.  The  water  supply  in  watering  trough  at  the  wells  can  be 
^qit  clean,  and  by  having  the  wells  distributed  at  regular  intervals 
he  distance  which  the  cattle  have  to  travel  is  practically  reduced  to 
he  distance  which  they  naturally  go  in  gracing. 

At  the  present  time  the  school  lands  and  State  selections  may  be 
eased  for  5  per  cent  per  annum  of  their  appraised  value.  The  min- 
aram  for  grazing  lands  is  $16  for  a  section  of  640  acres.  By  leasing 
hese  lands  the  stockmen  have  locations  for  wells  which  they  may 
xmtroi,  and  the  intermediate  country  being  a  free  range,  they  are 
frsctieally  in  possession  of  all  of  it  for  grasing  purposes.  This  method 
if  oecupani^  does  not  neoeesitete  the  expenditure  of  any  large  sum 
n  permanent  improvements,  and  at  the  same  time  it  enables  the 
anehmenon  the  high  prairies  away  from  tiie  streams  to  become  strong 
smpetitors  for  the  use  of  the  range.  Previous  to  such  occupancy 
he  cattlemen  who  controlled  the  water  of  the  streams  had,  by  mutual 
igreement,  determined  the  amount  of  the  range  which  they  would 
ise  individually,  and  in  many  cases  had  constructed  fences  which 
mbraced  large  tracts  of  the  public  domain.  As  soon  as  a  newcomer 
Btablishes  himself  in  the  midst  Of  this  range  by  digging  a  well  and 
onstnietin^  watering  tanks,  he  is  in  a  position  to  demand  an  equal 
dare  with  the  others.  In  this  way  the  illegal  fencing  will  soon  be 
one  away  ^th,  and  the  owners  of  the  lands  adjacent  to  the  streams 
ill  no  longer  monopolize  the  range. 
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DESERT-LANDS  ACT. 

AN  ACT  to  prr>vide  for  the  Hale  of  denert  lands  in  certain  States  and  Territories. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  Statm 
of  America  in  Congrewt  as«einbled.  That  it  shall  be  lawful  for  any  citizen  of  tin 
United  Staten.  or  any  i)er8on  of  requisite  age  *'  who  may  be  entitled  to  become  I 
citizen,  and  who  has  filed  his  dec^laration  to  become  such.'*  and  upon  payment  oi 
twenty-five  cents  per  acre,  to  file  a  declaration,  under  oath,  with  the  register aac 
the  receiver  of  the  land  district  in  which  any  desert  land  is  situated,  that  he  intenfli 
to  rei'laim  a  tract  of  desert  land,  not  exceeding  one  section,  by  conducting  watss 
ux)on  the  same  within  the  i)eri<xl  (^f  three  years  thereafter:  Provided^  howenr 
That  the  right  to  the  use  of  water  by  the  i)erson  so  conducting  the  same  on  or  ii 
any  tract  of  desert  land  of  six  hundred  and  forty  acres  shall  depend  upon  bonl 
tide  prior  appropriation:  and  such  right  shall  not  exceed  the  amount  of  waftfli 
actually  appropriated  and  net»easarily  useil  for  the  purjiose  of  irrigation  and  recto 
mation:  and  all  surplus  water  over  and  alK)ve  such  actual  appropriation  and  xsaB 
together  vnth  the  water  of  all  lakes,  rivers,  and  other  sources  of  water  euppU 
upon  the  public  lands,  and  not  na>ngable,  shall  remain  and  be  held  free  forthi 
approx)riation  and  use  of  the  public  for  Irrigation,  mining,  and  manufactniili 
purposes  subject  to  existing  rights.  Said  declaration  shall  describe  particulad] 
said  section  of  land  if  surveyed,  and  if  unsurveyed  shall  describe  the  same  M 
nearly  as  possible  without  a  survey.  At  any  time  within  the  i)eriod  of  three  yeer 
after  filing  said  declaration,  upon  making  satisfactory  proof  to  the  register  an^ 
receiver  of  the  reclamation  of  siiid  tract  of  land  in  the  manner  aforesaid,  and  npol 
the  payment  to  the  receiver  of  the  additional  sum  of  one  dollar  per  acre  for  i 
tract  of  land  not  exceeding  six  hundred  and  forty  acres  to  any  one  person,  a  patetf 
for  the  same  shall  l>e  issued  to  him:  Prorided,  That  no  person  shall  be  permitted 
to  enter  more  than  one  tract  of  land,  and  not  to  exceed  six  hundred  and  fort2 
acres,  which  shall  )>e  in  compact  form. 

Skc.  2.  That  all  lands  exclusive  of  timber  lands  and  mineral  lands  which  wO 
not,  without  irrigation,  pro<luce  some  agricultural  crop,  shall  be  deemed  deeef 
lands  within  the  meaning  of  this  act,  which  fact  shall  be  ascertained  by  proof  O 
two  or  more  credible  ^Wtnesses  under  oath,  whose  affida^ats  shall  be  filed  in  tb 
land-office  in  which  said  tract  of  land  mav  be  situated. 

Sec.  3.  That  this  act  shall  only  apply  to  and  take  effect  in  the  States  of  Cat 
fomia.  Oregon,  and  Nevada,  and  the  Territories  of  Washington,  Idaho,  Montana 
Utah,  Wyoming,  Arizona.  New  Mexico,  and  Dakota,  and  the  determination  <■ 
what  may  Ix?  considered  desert  land  shall  be  subject  to  the  decision  and  regulatiO 
of  the  Commissioner  of  the  General  Land  Office. 

Approved.  March  3,  1ST7.     (19  Stat.  L.,  p.  377.) 
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^  HCt  approved  March  :J,  isul  (lN»  Stat.  L.,  UKmI),  oiilitkMl  '*Aii 
peal  timlK*r-eultun*  laws,  and  f<»rothrr  purposes,"  tlie  follow- 
€>us  were  adde<l  to  the  desert -lands  aets: 

That  at  the  time  of  filinK  the  declaration  luTeinb-for**  nMinire<l  the  jwirty 
file  a  map  of  naid  land,  which  shall  exhibit  a  plan  showing;  the  iniMle  of 
ate<l  irrigation,  and  which  plan  shall  Ik'  snftiri«'Tit  to  thoroujrhly  irripitf 
im  said  land,  and  preiiare  it  to  rai>e  ordinary  ajfricnltural  <-roi)s.  aiid  shall 
•  the  source  of  the  water  t<»  )h*  usimI  for  irrigation  and  reclaniation.  P«»r- 
rlng  or  proprising  to  enter  st*])arate  s^*ctions  <ir  fractional  ]>arts  of  s»'C- 
lesert  lands  may  associate  tojft»ther  in  th«*  construction  of  ('aiuils  and 
>r  irrigiiting  and  reclaiming  all  of  s-iid  tracts,  and  may  til<*  a  joint  map 
ihowing  their  plan  of  internal  improv«*m«*nts. 

That  no  land  shall  ])epatent<Hl  to  any  ]K*rs<»n  nndrr  this  act  unless  ]u'  or 
lors  shall  have  cxjH*nde<l  in  the  inH'cssJiry  irrigation.  r«'claniation.  ami 
>n  thert»of.  by  means  of  main  canals  and  brand)  ditrhrs.  and  in  i>"nna- 
irovements  njKm  the  land,  and  in  the  i>urchas«' of  wat«T  riKhts  f<»r  the 
I  of  the  same,  at  least  thn^^  dollars  ]M*r  acn*  of  \vhol»»  tract  n^dainKMl  and 
in  the  manner  following:  Within  one  year  after  making  i-ntry  for  snch 
lesert  laud  as  afor«»8aid,  the  party  so  ent«'ring  shall  <*xiH*nd  not  l»*ss  thin 
r  per  acre  for  the  pnrjMjaes  afon-sjiid:  and  he  shall  in  lik«*^nanner  expend 
if  one  dollar  i>eT  acre  dnring  the  se<'ond  and  also  during  the  third  year 
r,  until  the  full  sum  of  thr»»t»  dollars  i)er  acre  is  so  exj^ended.  Said  party 
dnring  each  year  with  the  register.  pr(M»f ,  ])y  tlie  affidavits  of  two  or 
Hlible  witnesses,  that  the  full  sum  of  one  dollar  jht  jicre  has  }M»<m 
I  in  such  necessary  improvem*^nts  during  such  y«-ar.  and  tlie  mannrr  in 
:pend«Hl.  and  at  the  expiration  of  the  thirtl  y»'ar  a  ma]>  or  ]»lan  showing 
icter  and  extent  of  such  improvements.  If  any  i)arty  who  h:is  ma<h*  su<-h 
on  sliall  fail  during  any  year  to  fib*  the  testimony  afor«'said.  th«'  lands 
ert  to  the  United  States,  and  the  twrntv-tive  <*«*nts  advanced  i>avnu'nt 
forfeite<l  to  the  United  Stat»'s.  and  th*^  ♦•ntry  sli.vll  bi»  canceh-d.  Nothing 
mtained  shall  prevent  a  claimant  from  making  his  final  entry  and  n-eeiv- 
atent  at  an  earlier  dat('  than  hereinbefore  preseribnl.  provided  that  he 
tes  the  required  pr<M)f  of  redamati'in  to  tlie  aggregate  extent  of  tlirie 
^r  a<Te:  Provided,  That  proof  be  further  re(inired  of  the  cultivation  of 
th  of  the  land. 

That  this  act  sliall  not  affect  anv  valid  riL'ht^  heretofore  acerued  under 
)f  March  third,  eighteen  hundred  jind  s,'v«iity-M'Ven.  but  all  bona  title 
iretofore  lawfully  initiated  may  be  p.-rfect^d.  upon  du«*  eoniidiane*-  with 
isions  of  said  act.  in  th*-  s:ini  ■  ninin'-r.  ujnm  tin-  s;inn' terni*^  and  coutli- 
d  subject  to  the  same  limitations.  fi»rf«itur.'-.  ;iii«l  cnntest^  a«^  if  this  jirt 
l)een  i)assed;  or  said  claims,  at  th*-  ojitinn  of  th<-  elainiant .  nuiy  Im-  jmt- 
id  patented  under  the  ]»n>visions  of -nid  act.  a^  aiii'inl«Ml  by  rhi-  act.  so 
plicable:  and  all  acts  and  ])arts  of  act-  incoiifbct  witli  thi^  aet  an-  hereby 

That  at  any  time  after  filing  th»'  (b'claration.  jind  witliin  th*-  ]M'no<l  of 
,rs  thereafter,  upon  making  satisfactory  ])i-oof  to  the  n-gistrr  ;m<l  tlie 
of  the  reclamation  and  cultivatiitu  ot  *•  lid  land  t'»  tin-  extent  and  cost 
le  manner  aforesaid.  an<l  substanti;illy  in  aeconlance  with  the  jilans  herein 
,  for.  and  that  he  or  she  is  jv  citizt-n  of  tlie  United  States,  and  upon  pay- 
the  receiver  of  the  iwlditional  >uin  of  «»ne  dollar  ]>er  jutc  for  said  land,  a 
hall  issue  therefor  to  the  ajiiilieant  or  his  assigns;  but  no  jwrson  or  asso- 
►f  i^ers^ms  shall  hol<l.  by  assignment  or  otherwise  prior  to  t\\e  \ss\\e,  v>l 
more  than  three  hnmlrcd  :ind  twenty  acres  of  such  arid  or  dewrt  VawOla*. 
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bnt  this  siH'tioii  shall  not  apply  t^)  entries  made  or  initiated  prior  to  the  approva 
of  this  act:  Pran'dcfi,  hatrrcer.  That  additional  proofs  may  be  required  at  anj 
time  within  the  ]K*rio<l  iiresoribed  by  law,  and  that  the  claims  or  entries  madi 
under  this  or  any  x^ree^dinj?  aet  sliaU  lie  subject  to  contest,  as  pronded  by  the  Ian 
relating  to  homestead  cases,  for  illegal  inception,  abandonment,  or  failure  to  com- 
ply with  the  retiuirements  of  law.  and  upon  satisfactory  proof  thereof  shall  be 
cancele<l.  and  the  lands  and  moneys  paid  therefor  shall  be  forfeited  to  the  Um'ted 
States. 

Ski;.  8.  That  the  provisions  (»f  the  acrt  to  which  this  is  an  amendment,  andthe 
amendments  thereto,  shall  apx)ly  to  and  be  in  force  in  the  State  of  Colorado,  m 
well  as  the  States  named  in  the  original  act;  and  no  person  shall  be  entitled  to 
make  entry  of  desert  land  except  he  be  a  resident  citizen  of  the  State  or  Territorf 
in  which  the  land  sought  Uy  be  entered  is  locate<l. 

The  Commissioner  of  the  (ireiieral  Land  Office  interpretiKl  this  act  as 
follows: 

The  act  of  March  8.  18T7,  entitled  "•An  act  to  provide  for  the  sale  of  defieii 
lands  in  certain  States  and  Territories  "  {\d  Stat.  L..  377;  Appendix,  No.  4,  p.  164), 
contained  three  sections.  By  the  act  of  March  3. 1891  (26  Stat.  L. ,  1005:  Appendix, 
No.  14,  p.  221 ) ,  five  sections  were  added  thereto,  numbered  from  4  to  8.  Thefint 
section  provides  for  the  reitlamation  of  such  lands  by  *'  conducting  water  upon  the 
same."  Tlie  second  sectiim  prorides  "  that  all  lands,  exclusive  of  timber  landi 
and  mineral  lands,  which  will  not,  without  artificial  irrigation,  produce  somft 
agricultural  crop  shall  be  deemed  desert  lands  within  the  meaning  of  this  act.'' 
and  the  third  section  provides  that  **  this  act  shall  only  apply  to  and  take  effect  in 
the  States  of  California,  Oregon,  and  Nevada,  ami  the  Territories  of  Washington, 
Idaho,  Montana.  Utah.  Arizona.  New  Mexico,  Wyoming,  and  Dakota,  and  tlie 
determination  of  wliat  may  l>e  considered  desert  land  shall  be  subject  to  the  deri- 
sion and  regulation  of  the  Conmiissioner  of  the  General  Land  Office." 

It  is  therefore  prescrilH^l  as  follows: 

First.  Lands  Ixirdering  uixni  streams,  lakes,  or  other  natural  bodies  of  water, 
or  through  or  uiM)n  which  then*  is  any  river,  strt^am.  arroyo,  lake.  x)oml.  body  of 
water,  or  living  si>ring.  are  not  subject  to  entry  under  the  desert-land  law  until 
the  clearest  proof  of  their  desert  character  is  furnished. 

Second.  Lands  whitrh  pnxluce  native  grasses  sufficient  in  quantity,  if  unfed  by 
grazing  animals,  to  make  an  ordinary  crop  of  hay  in  usual  seasons  are  not  desert 
lands. 

Tliird.  Lands  which  will  pro<luce  an  agricultural  crop  of  any  kind  in  amount 
to  iiiak*'  tlie  cultivation  reas^mably  remunerative  are  not  desert. 

Fourth.  Lands  containing  sufficient  moisture  to  prtnluce  a  natural  growth  of 
tre«.'s  an?  not  to  l^e  class(?d  as  desert  lands. 

CAKEY    ACT. 

Section  4  of  tlie  acrt  of  Aii^u.st  IS,  1S!>4,  emitlod  "An  act  making 
ai)pro[)riatioiis  for  suinlry  civil  cxpnises  of  the  (iovoniment  for  th^ 
lineal  year  ending  .Iniie  'M\  ISO'),  an<l  foi*  other  purposes''  (28  Stat.  L.' 
'.}7'2-['2'2).  aulliorizes  tlie  S<»eretary  of  tho  Iul(»rior,  with  the  appi'ova 
of  the  Pr<*si(leiil,  1oe<»ntrael  and  agree  \a  patont  to  tlie  States  oi 
Wasliinirton,  Oreiron,  California,  Nevada,  Idaho,  Montana,  Wyoming: 
Coloradt),  Nortli  Dakota,  South  Dakota,  and  Ttah,  or  any  other  States*; 
as  provitled  in  the  act,  in  which  may  he  found  desert  lands,  not  t^ 
exee«Ml  ijmhijmmi  a<*res  of  sueli  lanils  to  ea<*li  Stale,  under  certait 
conditions. 
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Hie  text  of  the  aot  is  as  follows: 

8k.  4  Tbst  to  sId  the  imbUeJsiid  Sfestos  In  the  rsdsms^ 
jpinta,  md  thesnttleimiiit,  cnltlvstloii/aiid  esle  thereof  hi  emsll  tracts  to  actual 
the  Secretary  of  the  Interior,  with  the  apiiroral  of  the  Pkwident,  he,  and 
fc^aiathoriaed  and  empowered,  npon  proper  application  of  the  State,  to  con- 
1  agree,  from  time  to  time,  with  each  of  the  States  in  which  there  may  he 
desert  lands  aa  defined  1^  the  act  entitled  '*  An  act  to  provide  for  the  sale 
lisKt  lands  In  certain  States  and  Territories,**  approved  March  third,  eighteen 
and  seventyeovcn,  and  the  act  amendatory  thereof,  approved  March 
eighteen  hundred  and  ninety-one,  binding  the  United  States  to  donate,  grant, 
intent  to  the  State  free  of  cost  for  sorvey  or  price  such  der?rt  lands,  not 
one  TOfflion  acres  in  each  State,  as  the  State  may  canse  to  be  irrigated, 
ooenpled,  and  not  less  than  twenty  acres  of  each  one  hnndred  and  sizty- 
Inet  cultivated  by  actual  settlers,  within  ten  years  next  after  the  passage  of 
flrii  set,  as  thoroughly  as  is  required  of  citisens  who  may  enter  under  the  said 
d^Bthndlaw. 
Man  the  iqipHcation  of  any  State  is  allowed  or  any  contract  or  agreement  Is 
or  any  segregation  of  any  of  the  land  from  the  public  domain  is  ordered 
ftsSecretary  of  the  Interior,  the  State  shall  file  a  map  of  the  said  land  pro- 
to  he  Irrigated  which  shall  exhibit  a  plan  showing  the  mode  of  the  contem- 
Mgatloii  and  which  plan  shall  be  sufficient  to  thoroughly  irrigate  and 
said  land  and  prepare  it  to  raise  ordinary  agricultural  crops  and  shall  also 
fibs  aoniue  of  the  water  to  be  used  I6r  Irrigation  and  reclamation,  and  the 
ofthe  Interior  may  make  necessary  regulations  for  the  reservation  of 
hads  applied  for  by  the  States  to  date  from  the  date  of  the  filing  of  the  map  and 
fin  of  irrigation,  but  such  reservation  shall  be  of  no  force  whatever  if  such  map 
and  plin  of  irrigation  shall  not  be  approved.  That  any  State  contracting  tinder  this 
wtkm  is  hereby  authorized  to  make  all  necessary  contracts  to  canse  the  said  lands 
to  be  reclaimed,  and  to  induce  their  settlement  and  cultivation  in  aci^ordance  with 
afl  nil^ject  to  the  provisions  of  this  section:  but  the  State  shall  not  be  authorized 
to  lease  any  of  said  lands  or  to  use  or  dispose  of  the  same  in  any  way  whatever, 
oeept  to  secure  their  reclamation,  cultivation,  and  settlement. 

As  fut  as  any  State  may  furnish  satisfactory  proof  according  to  snch  rules  and 
iCgnlations  as  may  be  xnescribed  by  the  Secretary  of  the  Interior,  that  any  of  Haid 
bads  are  irrigated,  reclaimed,  and  occupied  by  actual  settlers,  i)atents  Hball  be 
isned  to  the  State  or  its  assigns  for  said  lands  so  rec1aime<l  and  settled:  Pro- 
fUkd,  That  said  States  shall  not  sell  or  dispose  of  more  than  one  hnndred  and  sixty 
icies  of  said  lands  to  any  one  person,  and  any  snrphis  of  money  derived  by  any 
Btite  from  the  sale  of  said  lands  in  excess  of  the  cost  of  their  reclamation,  shall 
beheld  as  a  trust  fund  for  and  be  applied  to  the  redaniation  of  other  desert  lands 
hiQch  State.  That  to  enable  the  Secretary  of  tlie  Interior  to  examine  any  of  the 
hnds  that  may  be  selected  under  the  i)rovisi(>n8  of  this  section,  there  is  liereby 
tppropriated  out  of  any  moneys  in  the  Treasury,  not  otlienwise  appropriated,  one 
ttoQsand  dollars. 

Itt  the  act  making  appropriations  for  sundry  civil  oxikmis<»s  of  the 
Qovemment  for  the  fincal  year  oiuliiig  June  30,  1807,  and  for  other 
imrposeSy  approved  June  11,  189(»  (20  Stat.  L.,  413-434),  there  is,  under 
^  bead  of  appropriation  for  *' Surveying?  pul>!ic  lands,"  the  following 
l^ovision: 

Thjrt  under  any  law  heretofore  or  hereafter  enacted  by  any  State,  providing 
^  the  reclamation  of  arid  lands,  in  pursuance  and  acceptance  ot  tbe  term^^  ol 
^gnnt  made  in  aection  four  of  an  act  entitled  **An  act  making  appT0\>T\a\\OTA 
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for  the  Huiidiy  civil  osi)eii(jie8  cif  the  Government  for  the  fiscal  year  ending  Jim 
thirtieth,  eighteen  luiiidred  and  ninety-five,*'  approved  August  eighteentl 
eighteen  hundred  and  nint-ty-fonr.  a  lien  or  liens  is  hereby  authorised  to  be  en 
ated  by  the  State  to  whii'h  such  lands  are^rantetl  and  by  no  other  authority  whi 
ever,  and  when  createil  sliall  lie  valid  on  and  against  the  separate  legal  snbdiv 
sions  uf  hind  rei'laiintHl.  for  the  actual  cost  and  necessary  expenses  of  recUimatk 
and  reasonable  interest  thereon  from  the  date  of  reclamation  until  disposed  of  1 
actual  settlers:  and  when  an  ample  supply  of  water  is  actually  furnished  in 
substantial  dit<'h  or  (*anal.  or  by  artesian  wells  or  reservoirs,  to  reclaim  a  partici 
lar  tract  or  tracts  of  such  lands,  then  patents  shall  issue  for  the  same  to  an 
State  without  reganl  to  settlement  or  cultivation:  I^ivitM,  That  in  no  t>va 
in  no  contingency,  and  under  no  circumstances  shall  the  United  States  he  in  ai 
manner  directly  or  indirectly  liable  for  any  amount  of  any  such  lien  or  liabilit, 
in  whole  or  in  i»art. 

The  liinitHtioii  of  time  in  the  above-quoted  seotion  4  was  modific 
by  section  :}  of  the  aet  entitled  *'An  act  niakin^  appropriations  ft 
sundry  civil  exiM»nses  of  the  Government  for  the  fiscal  year  end  in 
June  thirtieth,  ninet<H?n  hundre<l  and  two,  and  for  other  purposes 
approved  Mar<*h  :5,  l'.K)l  (:jl  Stat.  L.,  1133-1188),  which  provides  i 
foUows: 

Sec.  8.  That  section  4  of  the  act  of  August  eighteenth,  eighteen  hundred  ai 
ninety-four,  entitled  "An  lu-t  making  appropriations  for  sundry  civil  expenses' 
the  Government  for  the  fis<ral  year  ending  June  thirtieth,  eighteen  hundred  ai 
ninety-five,  and  for  other  purposes."  is  hereby  amended  so  that  the  ten  yeai 
pericKl  within  wliitrh  any  Stiite  shall  cause  the  lands  applied  for  under  said  act 
be  irrigated  and  nM-lainiecl,  as  pnnndeil  in  said  stH'tion  as  amended  by  theai't 
June  eleventh,  eighteen  hundred  and  ninety-six.  shall  l)egin  to  run  from  the  da 
of  approval  l)y  tin*  Secretary  of  the  Interit>r  of  the  State's  application  for  the  ae 
regation  of  such  lands:  and  if  the  State  fails  within  said  ten  years  to  cause  tl 
whole  or  any  jiart  of  the  lands  so  segi'egated  to  Ix?  .ho  irrigated  and  rei^laimed.  tl 
Secretary  of  the  Interinr  may.  in  his  discretion,  continue  said  segregation  foi 
peritKl  of  nt»t  exceeding  five  years,  or  may.  in  his  discretion,  restore  such  lamU 
the  pnb'iif  domain. 

AN     ACT     rUoVlDlNCJ     KOK     THK     ('OXSTRUrTlON     OF     RESERVOIRS    C 

PIBLIC    LANDS   FOR   WATERINc;   LIVE   STOCK. 

The  act  ai)pn)V«Ml  January  1*5,  18l»7  (lM»  Stat.  L.,  4S4),  entitled  **J 
act  providing;  <<>»*  thr  location  and  purchase  of  pu])lic  lands  for  res€ 
voir  sites,"  is  as  follows: 

B*'  it  riiartttl  hfi  tlir  Srmitf  (imf  Honsi'  nf  Hi jtrrsi  ntntin s  nf  thf  I'iiitrt!  Stii\ 
of  Anirrim  in  Cnmjrrss  dssriHitlftl.  That  any  i»erson.  live-stix*k  coniiitmy. 
transportatioii  (•or])oratii»n  engag«*d  in  breeding,  gnizin^.  driving,  or  transiw 
ing  liv<*  stork  may  ronstrurt  reservoirs  upon  iinorenined  public  lands  of  t 
United  States,  nor  min»'ral  or  otherwise  reserv^'d.  tor  the  pnii^^se  of  fumishi 
water  to  such  live  ^ttH-k,  and  shall  have  control  of  such  res«*rvoir,  under  regn 
tions  jirescribed  by  the  StM-retary  of  the  Int'Tior,  and  the  lands  U|hui  which  1 
same  is  cronstnicted,  not  exceeding  one  hundred  ami  sixty  acres,  so  long  as  sr 
reservoir  is  maintanu'd  and  water  kei)t  theri'in  for  such  i»nri)oses:  Proridnf,  T] 
such  reservoir  shall  n<it  U'  fi»n<*ed  and  shall  be  ojmmi  to  the  frt>e  use  of  any  i)eR 
desiring  to  water  animals  of  any  kind. 
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L  llw<*ihNii  craupMBjg or  onpcMtioD  ovsiiim  ^  nvsit 
K'^oHlftMM  of  tUt  act  ibtn  file  ft  dadMBtarr  ■toUmtot  In  tba 
d  States  lumlofllos  In  tba  diatilot  lAan  tba  bnd  bt  ritMtod.  vUidi  Mata- 
a  d<«cribe  the  land  trfcon  aocfa  nMrrair  la  to  be  or  Im»  liean  cooatnictedi 
e  what  Timilnnai  ancfa cDrpontioa U flBgigad  In;  apeci^  tha cqwoltr of 
1  g&Uona,  and  whetlier  guth  oontpanj,  peiaon,  or  ooq;iontion  haa 
B  otiiar  HMWii  iiiili  aitM  vJthfai  the mna oonntj;  and  It  lo,  how  many. 
I,  Th»t  ftt  (U17  time  after  the  coisplvlilon  ot  met  naervdr  or  reaerroln 
t  oomplBted  at  the  dat«  of  th«  pa—age  of  ttiis  act  ihan  be  coiutnicted 
1  wIOiIb  two  TMtn  after  flBng  nich  dedanttoir  atatement,  ntoh 
my,  or  corporation  ifaaU  taara  the  nma  aconiataljr  aomfed,  m 
[,  and  ihaU  fUe  in  the  Usited  States  Uad  offloe  In  the  diatrlot 
ih  reservoir  la  located  a  map  or  plat  ebowlBg  the  location  of  each  !«•■ 
h  map  or  plat  ahall  be  tzanoutttad  b7  the  regiater  and  raceirar  ot  nld 
»  land  office  to  the  Secntary  of  the  Interior  and  aiqnored  by  him, 
1i  land  ghaH  be jcaerred  from  «ale  by  the  Secretary  of  the  Inta- 
fclMv  as  SQcfa  reeerroir  is  kept  in  repair  and  water  kept  therein. 
,  4.  That  Congrees  may  at  any  time  amend,  alter,  or  repeal  this  aob 
lOUgh  the  title  indioat«8  thHt  lands  are  to  be  sold  for  reHervoir 
i,tlie  act  does  not  provide  for  the  aale  of  any  lands,  and  therefore 
ilHldB  can  be  sold  under  its  provisions.  The  act,  however,  directs 
iSMntaiy  of  the  Interior  to  reaerve  the  lands  from  sale  after  tbe 
|nvat  at  the  nuv  shnwlog  the  loostion  of  the  reservoir. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington^  D.  C,  June  i,  J902. 
Sk:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Irriga- 
tion Systems  of  Texas,  by  Thomas  U.  Taylor,  professor  of  civil  engi- 
neering at  the  University  of  Texas.  This  paper  eont^iins  the  results 
of  field  work  carried  on  by  Professor  Taylor  through  several  years  in 
eonnection  with  the  measurement  of  the  principal  rivers  of  Texas  and 
the  investigation  of  the  best  methods  of  utilizing  the  watiM*  resources 
of  the  State.  I  recommend  it  for  publication  in  the  series  of  pam- 
phlets on  Water  Supply  and  Irrigation. 

A  report  on  the  same  subject  was  prepared  in  1897  by  Mr.  William 
F.  Hutson,  and  printed  as  Paper  No.  13  of  this  series.  Since  that 
time  considerable  development  has  taken  place  in  the  utilization  of 
water  in  Texas,  and  the  ground  has  l)etm  gone  over  with  greater 
thoroughness,  resulting  in  obtaining  a  larger  and  more  eomplet<^  pn^- 
»entation  of  the  subject. 

In  the  present  report  Professor  Taylor  has  discussed  the  princi- 
pal irrijja  t  ion  systems  in  general  geographic  onler,  and  has  given  sta- 
tistics H.S  to  the  location,  cost,  and  benefits  of  the  devices  for  obtain- 
ing water.  He  has  also  devot-ed  some  attention  to  tlie  irrigation  of 
rice,  a  business  in  which  large  amounts  of  capital  are  being  invested. 
There  has  lieen  appended  a  brief  statement  of  the  laws  governing 
irrigation  in  the  State  of  Texas,  also  some  of  the  faets  obtained  from 
the  recent  census  investigation. 

Yours,  with  respect,  F.  II.  Newell, 

Hydroq  raphe  r  in  Char  ye. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeoloifical  Surrey. 

9 


IRRIGATION  SYSTEMS  OF  TEXAS. 


By  Thomas  U.  Taylor. 


INTRODUCTION. 

The  practice  of  irrigation  in  Texas  is  of  considerable  antiquity, 
especially  in  the  western  end  of  the  State,  alon^  the  Rio  (Irande, 
where  the  early  Spanish  conquerors  established  settlements,  and  their 
descendants,  the  Mexicans,  have  maintained  possession  of  the  soil  for 
centuries.  At  San  Antonio  are  ditches  whose  origin  is  lost  in  local 
tradition,  having  probably  been  built  to  carry  water  to  the  grounds 
Borroimding  the  missions.  It  is  only  in  comparatively  recent  years, 
however,  that  particular  attention  has  been  drawn  to  the  matter,  and 
the  importance  of  the  development  of  the  State  through  irrigation  has 
been  appreciated  by  the  public.  Already  agriculture  by  means  of  an 
artificial  supply  of  water  is  being  practiced  in  nearly  every  portion 
of  the  State,  the  greatest  increase  in  acreage  being  in  the  rice-growing 
districts  in  the  southeastern  quarter.  The  figures  obtained  at  the 
Eleventh  Census  (1889)  and  IVelfth  Census  (1899)  illust  rate  the  rapid 
increase  in  aereage  and  the  wide  extent  to  which  irrigation  is  now 
employed. 

For  moat  of  the  land  water  is  obtained  by  gravity  s}- stems  of  dit  ehes — 
that  is  to  say,  by  means  of  channels  through  wliicli  the  water  flows  from 
some  source  at  a  higher  elevation.  In  many  phiees,  liowever,  it  is  impos- 
sible to  bring  water  to  the  surface  of  the  ground  in  tliis  way,  and  it 
niust  be  lifted  or  pumjKid  by  some  mechanical  devic^e.  For  this  pur- 
pose windmills  are  most  commonly  used.  West  of  the  one-luindredth 
Dioridian  north  of  San  Antonio  tlu^  cattle  country  of  Texas  stn^tches 
almost  unbroken  for  from  t?00  to  500  miles.  To  supply  water  for  the 
ranches  which  do  not  border  on  or  include  a  flowing  stream  the  wind- 
"lill  has  Ixicome  a  most  potent  factor.  In  addition,  a  few  localities, 
like  oases,  have  everlasting  springs  that  rise  with  surprising  sudden- 
J^ess  either  from  the  foothills  or  from  the  bakcMl  prairies.     These  are 

• 

^ft  nearly  all  cases  utilized  to  convert  the  otlierwise  unproductive  soil 

■ 

»nto  crop-bearing  farms.  While  the  old  Mexican  methods  of  irriga- 
lion  are  still  in  use  in  many  localities,  with  their  consequent  waste  of 
^Hter,  they  have  been  accompanied  by  few  disappointments  or  heart- 
burnings. 
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Irrigation  in  Texas  has  not  escaped  the  boominii:  influence  of  the 
land  agent  or  th(»  subtle  promoter.     Nearly  every  county  in  the  weiit- 
ern  part  of  the  State  through  which  flowing  streams  course  their  way 
has  on  its  maps  the  sinuous  tracings  of  irrigation  systems,  while  the 
secretary  of  state  has  issued  hundreds  of  charters  for  systems  thit 
fortunately  got  no  further  than  the  charter  stage.     Some  of  the  pro- 
moters, however,  with  the  seductive  phrase  *' modern  methods,''  have 
formed  companies,  (constructed  canals  costing  hundreds  of  thousands 
of  dollars,  and  sold  lands,  upon  flattering  prospectuses,  to  honest  and 
would-be  settlers  without  the  slightest  data  of  the  available  water 
supply.     The  collapse  of  many  enterprises  and  the  loss  of  much 
money  have  ma<le  the  public  timid,  with  the  result  that  two  amend- 
ments to  the  State  constitution,  which  carried  with  them  permission 
to  bond  certain  districts,  have  Ikhju  overwhelmingly  defeated.    The 
first  was  prepared  in  1897,  and  under  its  terms  certain  districts  could, 
by  a  majority  vote  of  the  landownei*s,  issue  l)onds  for  the  purpose  of 
constru(^ting  irrigation  systems.     The  second  amendment,  which  was 
vote<I  on  in  the  fall  of  IIKH),  carried  with  it  power  by  virtue  of  which 
the  i)eople  of  the  Wichita  and  adjacent  district*  could  issue  bonds  for 
the  purpose  of  constructing  an  immense  irrigation  system  in  the 
Wichita  Vallev. 

With  sufticient  hydrographic  data,  however,  there  was  and  is  no 
occasion  for  disappointment;  but  obtaining  these  data  is  a  process 
entirely  too  slow  for  the  irrigation  agent,  the  promoter,  and  the  devel- 
oper, and  the  result  is  marked  by  wrecked  hopes  in  many  localities. 
The  year  190(J,  a  very  wet  one,  furnished  excellent  data  upon  which 
flattering  prosi)ects  could  be  held  out  to  prospective  rice  farmers,  as 
all  streams,  bayous,  and  lakes  were  full  of  water  and  the  rainfall  was 
so  abundant  that  only  a  small  amount  of  artificial  watering  was 
required,  liesult,  an  excellent  crop  of  rice,  a  large  part  of  which 
was  watered  by  Providence.  The  year  lOOl,  however,  was  a  striking 
contrast  to  19CK),  for  there  was  no  good  soaking  rain  from  the  time  of 
the  (Talvest^)n  storm,  September  8, 19(K),  until  the  latest  sowing  of  1901. 
The  coast  (Country  was  dry,  wat<»r  wa.s  low,  and  new  canals  were 
untried.  No  two  years  could  emphasize  more  clearly  the  need  of  cau- 
tion in  placing  dependence  upon  a  w^ater  supply.  In  the  latter  year 
many  of  the  bayous  were  drawn  upon  for  an  amount  of  fresh  water 
that  so  lowered  their  surface  level  that  the  salt  water  of  the  lower  sec- 
tions backed  into  them  and  imj^regnated  the  supply.  To  counteract 
this,  at  some  places  dams  liave  l>een  constructed  to  check  the  inflow 
of  sea  water. 

The  irrigation  systems  of  the  State  have  been  divided  into  the  fol- 
lowing groups:  (1)  The  trans-Pecos  systems;  (2)  the  Pecos  Valley 
systems;  (3)  the  Edwards  Plat<»au  systems;  (4)  the  systems  at  San 
Antonio  and  vicinit}';  (5)  the  systems  along  Lower  Nueces  River, 
Lower  Rio  Grande,  and  Leona  River;  ((>)  the  Colorado  Valley  sys- 
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i;  (7)  the  syBtems  north  of  Colorado  River;  and  (8)  the  rice  irri- 
gittmQSbema. 

The  two  dry  years  of  1901  and  1902  have  called  attention  to  the 
neeenity  of  irrigation  in  what  has  been  heretofore  called  middle 
Tbus.  Fanners  are  realiising  the  efficiency  of  an  irri|<ation  system 
to  be  put  into  operation  when  the  rainfall  is  not  sufficient  for  aKricuI- 
tinl  purpoeea.  Slowly  irrigation  for  ordinary  crops  takes  its  way 
viBtward  in  Texas.  It  is  now  on  the  Brazos,  and  another  dry  season 
will  take  it  to  the  Trinity  River. 

In  the  preparation  of  this  paper  valuable  assistance  has  l>een  ren- 
dered hy  Ijcster  6.  Bugbee,  instructor  in  history  in  the  University  of 
Tens;  Willard  H.  Denis,  observer  at  Pecos;  Judge  O.  W.  Williams, 
€(  Fort  Stockton;  the  late  S.  C.  Dobbins,  civil  engineer,  and  T.  L. 
Smith,  civil  engineer,  of  Columbia.  The  writer  has  also  frequently 
eonsiilted  Water-Supply  Paper  No.  13,  prepared  by  W.  F.  Ilutson. 

TRANS-FECOH  8Y8TBM8. 

The  portion  of  the  State  west  of  Pecos  River  is  counnonly  known 
m  trans-Pecos  Texas.  It  is  a  peculiar  country,  rough  and  mouu- 
tainooBi  with  few  perennial  streams.  The  storm  waters  rush  out  upon 
the  lowlands  and  are  rapidly  absorbed  in  the  sandy  plains,  from  which 
the  mountains  rise  abruptly  as  isolated  peaks  or  ranges,  llie  soil  of 
the  pbins  is  of  remarkable  fertility,  and  when  watered  produces 
abundantly.  Irrigation  away  from  the  creeks,  however,  is  praot  icable 
only  by  means  of  storage  reservoirs  holding  the  stonn  waters.  Res(»r- 
voir  sites  occur  in  many  places,  and  several  of  them  have  been  mapped 
by  the  topographers  of  the  Geological  Survey.  Trans-Pecos  Texas  is 
bounded  on  the  west  and  south  by  the  Rio  Grande,  from  which  water 
is  at  present  taken  for  irrigation  mainly  in  the  vicinity  of  the  Big 
Bend.  The  following  irrigation  systems  <Krcur  in  the  trans-Pecos 
region:  (1)  The  El  Paso  Valley  systems;  (2)  th<*  Toyah  Creek  sys- 
tems; ('3)  the  Fort  Stockton  systems;  (4)  the  Santa  Lucia  systems; 
and  (5)  the  Big  Bend  systems. 

EL  PASO  VALLEY. 

FrankUn  canuL — At  El  Paso  tht*  principal  canal  is  that  ()\vn<Ml  by 
the  Franklin  Irrigation  Company.  It  was  begun  in  1880  and  com- 
pleted in  1891.  Later  the  affairs  of  the  company  were  placed  in  the 
hands  of  a  receiver,  and  the  proixjrty  was  bought  at  a  receiver's  sale 
by  Thomas  Worthington,  of  Manch<*ster,  England,  the  trustee  for  the 
bondholders.  The  canal  begins  1  mile  northwest  of  El  Paso,  and  runs 
in  a  jreneral  southeasterly  direction  for  20  niih»s.  (See  f\^.  I.)  At 
the  l)e^inning  its  width  is  M)  feet,  but  it  gradually  diminishes  t^)  15 
f«*et  at  FalK*ns,  where  it  returns  to  the  U;o  Grande.  Water  is  diverted 
by  a  masonry  wing  dam  extending  diagonally  up  the  river  about  300 
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foot  and  Hbout  halfway  ai^ruHH,  u 
Hliown  in  PI.  I.  The  original  cost 
was  approxhnately  ♦150,0(W,  and 
about  ♦70,0(X)  has  sinue  been  er- 
)>eiicled  foi-  protection  from  over 
flow8  and  for  repairs.  The  water 
i-ightH  iind«r  the  new  management 
have  not  yet  been  issued.  The 
yearly  water  rental  was  $2  an  acre. 
The  canal  was  designed  to  cover 
:Hi,(K«)  acres.  During  1H9(1,  :t,000 
licn's  were  irrigated  from  it,  bnt 
(jincc  that  time  practically  ni>  land 
haw  been  8er\-e<l  from  this  ditch, 
on  account  of  lack  of  water  in  the 
llio  Grande. 

Ysleta,  Sttiftrri),  <utd  Sati  Eliza- 
rii)  iVtUhen. — There  are  three  old 
Mexican  dit4-hes  utken  from  the 
Ri<»  (irandc  Iwlow  Kl  Paso,  on  the 
American  side,  on  grants  of  land 
made  to  the  inhabitants  of  Ysleta, 
Socorro,  and  San  Elizario,  cajMble 
<if  irrigating  from  l.tXKt  to  1,200 
acreseach.  {Seefig.  1.)  Theditch 
on  the  Vsletft  grant  was  taken  out 
of  the  Hio  Grande  about  3  miles 
south  of  the  present  station  of 
Ysleta  (uottheold  town  of  Ysleta), 
and  continued  through  the  Socorro 
and  San  Elizario  grant«,  following 
the  banks  of  theold  riverbed  after 
[uissing  the  present  station  of  San 
Klizario.  The  total  length  of  the 
main  acequia  wtis  about  JO  miles, 
and  the  two  branches,  the  Acequia 
Litloral  and  the  Acequis  Madrv, 
were  4  and  If  miles  long,  rcspco- 
lively.  The  Acequia  del  Comal 
l(M)k  its  water  from  the  Rio  <irande 
about  15milcslH'lowElPa.so,  on  the 
lower  part  of  the  Socorro  grant.  It 
Toilowed  the  general  course  of  the 
river  for  lii  miles,  then  ran  almost 
due  east,  for  '6^  miles,  and  finally 
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eflected  to  follo^w  the  banks  of  the  old  river  bed.  Its  total  length 
raa  about  lO  miles.  The  Acequia  de  la  Cnadrilh*  took  its  water 
rom  the  Rio  Qrande  2  miles  below  the  intake  of  the  Aoequia  del 
}omal.     ItA  total  length  was  about  9  miles. 

These  Mexican  ditches  are  capable  of  irrigating  about  3,(X)0  acres, 
mt  the  flow  of  the  Rio  Grande  at  El  Paso  has  been  so  unreliable  for 
leveral  years  that  it  was  impossible  to  )>ase  any  calculations  upon  it. 
Ik  reliable  storage  reservoir  in  the  mountains  above  Kl  Paso  would 
lerve  during  it®  lifo  to  make  the  whole  £1  Paso  Valley  on  both  sides 
erf  the  river  for  30  miles  one  of  the  most  productive  countries  in  the 
world,  for  it  possesses  an  unrivaled  climate  and  is  capable  of  pro- 
ducing fruits  livith  a  flavor  that  easily  commands  for  them  the  highest 
price  wherever  they  go.  The  total  area  on  the  American  side  that 
eould  lie  brought  into  active  production  would  Ix*  not  1(*sh  than  40 
square  miles. 

Irrigation  has  been  practiced  here  probably  longer  than  in  any 
olher  part  of  the  United  States.     The  old  Spanish  records  show  that 
when  tbis  pass  was  first  reached  by  the  exploring  party  of  Corona<io, 
Tillages  of  Indians  were  found  on  the  Mexican  side,  on  the  site  of  the 
present  town   of  Jaurez,  and  on  the  Ameiican  side  at  Ysleta  and 
below.     Tbese  Indians  had  a  system  of  irrigation  of  seeming  great 
mtiquity,  which  has  been  followed  by  the  descendants  of  the  abo- 
rigines and  their  conquerors  for  three  hundred  and  fifty  years. 

During  the  spring  of  1807  the  large  canal  was  damasked  by  the  fl<M>d 
that  subnierge<l  so  large  a  portion  of  the  town  of  El  Paso.  This  flood 
n*ache<l  its  gi-eatcst  height  on  May  2(5,  and  quickly  subsi<ied.  The 
banks  were  badly  cut,  and  in  some  places  the  canal  was  eoinplotely 
obliterated.  The  truck  gardens  and  orchards  near  the  city  w(»re 
flcKMled  and  damaged,  a  layer  of  mud  about  3  inches  thick  IxMug 
deiH)site<l  over  the  surface.  It  was  noticeable  that  while  most  tret^s 
withstcKxl  the  flooding  comparatively  well,  the  poa(*h  trees  were  almost. 
uniformly  killed.  Fortunately  for  the  farmei>i  lower  down,  a  portion 
of  the  river  <!Ut  for  itself  a  new  channel,  curving  inward,  (nossing  the 
canal,  and  thenrecrossiiig  it  at  the  last  point  at  which  the*  hanks  w(»re 
damaged.  In  this  way  they  have  been  sup[)lied  with  water  and  are 
able  to  save  their  crops,  which  otherwise  would  be  ruined. 

TOYAH    CREEK. 

Toyah  Oeek  rises  in  natural  si)rings  about  4o  miles  southwest  of 
Pecos.  These  springs  are  mainly  in  s<»ct  ion  250,  patent  (m1  by  the  State 
of  Texas  to  Antonio  Hall.  They  are  in  a  flat  vall(\v,  hemmed  in  by  a 
hursi»shoe  curve  of  the  Davis  Mountains.  About  .'J  miles  northwest  is 
Phantom  Lak<».  It  is  statc^d  by  (Mos(»  ol)servers  that  llu*  waters  of  the 
creek  and  lake  arc*  of  the  same  composition  and  general  chara<*ter,  and 
it  is  probable  that  the  latter  is  on  the  underground  stream  that  issues 
from  the  earth  in  the  Toyah  Springs. 
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The  largettt  of  the  Toyah  ISpringB  is  oval  shaped,  and  is  abon 
feet  long  by  UO  feet  broad.  ItH  water  ievel  in  the  Bprinj{  ij 
with  the  eondition  of  the  wpedH  and  long  grass,  and  also  ^witi 
weather.  The  iliseharge  as  measured  by  the  writer  on  Septeml 
1900,  was  4(i  second-feet.     A  large  percentage  of  the  wat«r  is  dell 
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into  the  ditcli  of  Toyah  t;re«k  Irrigation  Company.  The  flow  o 
spring  i«  equal  to  about  8  heads,  a  head  lieing  defined  as  the  an 
of  wat^-r  that  flows  through  an  opening  1  foot  Hquare,  the  npper 
of  the  opening  being  i  inches  Iwlow  tlie  water  surface.  There 
unverified  and  hazy  tradition  that  the  Sow  once  amounted  to  1 3  )i 
but  this  is  seriously  doubted. 


1  fOBT  8IOGKT0K.  17 

lor  wveml  miles  the  oreek  skirts  fhe  foothills  of  fhe  Davis  Moiiii- 
fnii  and  in  addition  to  the  well-known  springs  mentioned  is  fed  by 
isU  invisible  springs  and  by  seepage.  It  empties  into  Toyah  Lake, 
Inge  alkali  flat  depression  abont  35  miles  from  Toyahvale  and  abont 
miles  sonth  of  Pecos. 

h  all  there  are  five  ditches  taken  ont  of  Toyah  Creek:  (1)  The 
ements  or  Mnrphy ,  9  miles  long,  taken  out  of  Toyah  Spring,  on  the 
nth  side,  and  irrigating  about  1,500  acres;  (2)  the  Giffin,  1  mile 
ig,  taken  out  of  Toyah  Creek,  on  the  north  side,  and  irrigating 
ont  400  acres;  (3)  the  Saragossa,  2  miles  long,  taken  out  on  the 
nth  side  of  the  creek,  about  6  miles  below  Toyah  Spring,  and  irri- 
ting  1,500  acres  (this  is  included  in  the  Clements  system);  (4)  the 
b  Isabella  ditch,  which  irrigates  about  700  acres  and  is  2  miles  long, 
ang  taken  out  on  the  north  side  of  the  creek,  19  miles  below  Toyah 
ping;  and  (5)  the  Pruett  ditch,  2  miles  long,  headgate  26  miles  below 
hyih  Spring,  on  the  south  side,  which  irrigates  about  300  acres.     The 
Nation  of  the  ditches  is  shown  in  fig.  2.     The  crops  raised  are  mostly 
im,  wheat,  Kafir  com,  and  sweet  potatoes.     From  Toyahvale  to  Sara- 
lonathe  irrigation  has  been  very  efficient.     A  half  mile  above  Sara- 
Ma,  on  the  main  Saragossa  ditch,  is  Clements's  grain  and  flour  mill, 
C adobe  and  timber  structure,  at  which  there  is  a  fall  of  12  feet. 
Fhe  main  irrigation  ditch  leading  from  the  largest  of  the  Toyah 
rings  (now  known  as  the  Clements  or  Murphy  ditch)  was  projected 
•  early  as  1875,  but  the  ditches  of  the  Saragossa  an<l  the  Toyah 
C»ek  companies  were  chartered  in  1875  and  1876.     Afterwards  the 
wnpanies  passed  through  various  ownerships  and  cTianges  until  1894, 
'ken  Mr.  E.  Clements  obtained  all  the  rights  and  ownership  of  the 
Siragossa  Comimny  ditch,  and  in  1895  he  obtained  a  controlling  inter- 
«tin  the  Toyah  Creek  ditch.     The  Saragossa  ditch  was  taken  out  of 
Toyah  Creek  about  6^  miles  below  the  Toyah  Springs  and  about  If 
■Qes  above  the  town  of  Saragossa.     Both  ditches  are  now  operated 
wder  the  Clements  management,  a  lateral  connecting  them.     The 
•%inal  Saragossa  ditch  was  taken  out  probably  as  early  as  1809,  at  a 
point  where  the  bed  of  the  creek  ended  in  rather  swampy  lands. 
Tkese  lands  are  now  in  the  Saragossa  farm.     From  the  best  evidence 
*tainable  the  flow  of  the  Saragossa  Spring  was  about  15  second-feet, 
tod  it  was  the  largest  aflluent  of  Toyah  Creek  below  section  250. 
Toyahvale  is  about  an  eighth  of  a  mile  west  of  the  Toyah  Springs; 
**Lomai»  about  1  mile  below  th(^  liead  spring,  on  the  right  bank; 
"fidia  (known  as  Brogado  I^.  O. )  is  about  4:  miles  l)elow  the  Toyah 
%ing8,  on  the  right  bank;  while  Saragossa  is  0  miles  below  the  head 
Wng,  on  the  right  bank  of  the  creek. 

FORT  STOCKTON. 

Comanche  Creek  rises  near  Fort  Stockton,  in  a  clear  and  bold 
Wag.  In  1899  its  flow,  as  determined  by  measurement,  was  70 
*Wftd-feet.     The  waters  of  the  creek  were  first  used  for  irrigation 
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in  181)8,  when  Ceesario  Tuires  irri^^ted  laud  belongiuK  to  Gen.  J 
Hatch  and  others.  In  1870  the  United  States  Government  irrigi 
about  100  acres,  most  of  whicli  was  used  for  a  garden  for  the  post 

In  fig.  3  are  shown  four  irrigation  ditches  taken  out  of  the  en 
two  pn  the  right  or  i-ast  side  and  two  on  the  left  or  west  side. 

Oarza  ditch  and  Comanche  Creek  Irrigation  Company  diici 
The  ditches  on  the  right  side  of  ('omanche  Creek  are  known  as 
(iarza  ditch  and  the  Comanolio  Creek  Irrigation  Company's  di 
l)oth  of  wliich  are  owned  by  the  Southwestern  Irrigation  Comps 
The  former  is  taken  oat  about  3  miles  and  the  latter  3^  miles  be 
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i-'ort  Stockton.  A  loose  dam,  made  of  I'ottonwood  logs  and  turf,  ra 
the  wat^r  into  the  Garza  diteh,  which  is  6  miles  long  and  is  usei 
convey  water  to  cattle  ranches.  From  COO  to  800  acres  are  irrigi 
from  tbe  lowest  (Comanche  Creek  Irrigation  Comi>any)  ditch, 
acres  being  in  alfalfa. 

Booney  ditches. — Two  ditclies,  known  as  the  Rooney  ditches, 
marked  A  and  B  in  fig.  3,  arc  taken  out  on  the  left  side  of  the  cr 
They  wen-  constructed  in  187C  and  1877.  Ditch  A  is  abont  4  n 
long,  and  is  taken  out  about  a  half  mile  below  the  head  of  the  ft 
ditch.  The  Rooney  ditches  can  irrigate  6,000  acree.  In  1900  1 
actually  irrigated  1,360  acres,  OOO  acres  being  in  com,  100  acre 
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IIOB,tad60  aeres  in  aUU&.  On  ditoh  A  is  looated  the  mill  helong- 
l  to  Boomey  A  Butts,  of  Fort  Stockton.  The  fall  at  the  gin  is  12 
itk  and  12  horaepower  la  developed  hy  a  24-inch  Leffel  tnrbine. 
HamoBura  ditch. — ^The  Hermosnra  ditch,  owned  by  J.  II.  Craw- 
rd,  is  7  miles  east  of  Fort  Stockton  and  receives  its  waters  from  the 
a  Pedro  Spring,  which  is  in  section  208  of  tlie  Texas  land  office  map. 
b  flow  of  the  spring  is  abont  4  second-feet,  and  from  it  Mr.  Craw- 
id  irrigatcB  160  acres  of  land. 

Bsftm  nules  west  of  Fort  Stockton  Mrs.  Royall  irrigates  260  acres 
oni  the  Leon  Spring. 

SANTA  LUCIA. 

The  Santa  Rosa  Spring  is  in  section  68  of  the  Texas  land  office  map. 
k  comes  out  in  a  bold  stream  of  abont  10  second- feet  volume,  and 
lows  in  the  ditch  constructed  for  its  control.  It  is  4^  miles  north  of 
he  post-office  at  Santa  Lucia,  the  office  being  located  at  the  home  of 
Hiomas  L.  Bay,  the  largest  user  of  the  Santa  Rosa  water  for  irriga- 
ion  purposes.  The  water  is  under  the  control  of  the  Pecos  River 
Company,  and  each  irrigator  i>ays  50  cents  ])er  year  x>er  acre  for  suffi- 
sent  for  his  crops.  Mr.  Ray  planted  cotton  woods  along  the  ditches, 
uid  now  his  farm  is  bordered  on  the  north  and  west  sides  by  stately 
bpees  that  can  be  seen  for  20  miles.  He  lives  in  section  104,  and  irri- 
Sites  100  acres.  Mr.  Levi  A.  Scott  lives  2  miles  north  of  Santa  Lucia, 
md  irrigates  60  acres  from  the  Santa  Rosa  (spring)  ditch.  The  crop 
raifled  is  mostly  alfalfa,  and  when  visited  in  June,  1900,  all  kinds  of 
stock  were  being  fattened  upon  green  alfalfa.  In  addition  to  the 
alfidfa,  Mr.  Ray  has  a  thriving  orchard  of  peach  trees  just  coming 
into  thrifty  bearing.  The  Santa  Lucia  systems  are  shown  in  the  map, 
fig.  6. 

BIG  BEND. 

The  land  along  the  Rio  Grand<»  in  the  Big  Bond  is  very  lieh  and 
will  raise  any  crop  that  grows  in  Texas.  Its  yield  is  enormous,  as 
many  as  80  bushels  of  corn  aiul  50  bushels  of  wheat  being  grown  to 
the  acre.     Irrigation  on  a  small  sciile  is  pra<*tieed  extensively. 

Candelaria  ditch. — At Candelaria,  a  Mexican  settl(»m(»nt  on  the  Rio 
(riande  about  45  miles  from  Shafter,  there  is  an  irrigation  ditch  4 
miles  long,  which  was  built  by  the  IVIexieans.  It.  is  IcmI  by  Coyote 
Creek,  and  irrigates  about  200  acres.  The  liio  Grande*  is  generally 
dry  at  this  jwint  during  the  irrigation  season,  but  when  it  flows  part 
of  its  waters  are  deflected  into  the  Candelaria  ditch. 

Dawson  system. — At  Shafter  Mr.  G.  S.  Dawson  lias  two  tanks  that 
•refilled  from  a  strong  spring.  Small  ditch(\s,  or  ace(iuia.«»,  lead  from 
fte  tanks  and  irrigate  his  farm,  orchard,  and  garden.  The  land  not  in 
^^'chard  or  garden  is  sowed  in  wheat,  which  is  cut  green  to  serve  for 
feed,  and  the  land  is  then  plowed  and  planted  in  corn  and  beans. 

Iki  Boaa  dife/^.— The  Rio  Rosa  ditch  is  6  miles  long,  6  feet  wide, 
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and  from  2  to  4  feet  deep.  It  was  built  about  1880.  A  low  dam  o; 
loose  rock,  1  or  2  feet  high,  is  constructed  across  the  Rio  Grande,  an 
serves  to  irrigate  about  every  other  year  1,200  acres. 

Palvo  Irrigation  Company  ditch. — Al)out  10  miles  below  Presidi 
the  Palvo  Irrigation  Company  has  a  dit-ch  5  miles  long,  6  feet  wide, 
and  6  feet  deep.  Water  is  obtained  by  means  of  a  dam  of  loose  rock, 
500  feet  long  and  fi'om  2  to  4  feet  high,  which  was  constructed  across 
the  Rio  Grande  in  1877.  Two  miles  alx)ve  Presidio  the  Rio  Concho 
of  Mexico  enters  the  Rio  Grande,  affording  an  abundant  supply  for 
this  ditch.  Above  the  mouth  of  the  Rio  Concho  the  flow  of  the  Rio 
Grande  is  unreliable. 

Mtdato  canal. — Opposite  the  Palvo  carnal,  on  the  Mexican  side,  is 
the  Mulato  canal,  in  the  State  of  Chihuahua.  This  canal  shows  what 
can  be  done  by  irrigation  in  the  Big  Bend.  It  is  6  miles  long,  10  feet 
wide,  4  feet  deep,  and  supports  1,000  persons.  It  is  taken  out  of  the 
Rio  Grande  a  short  distance  telow  the  Palvo  dam,  and  reenters  the 
river  at  the  Mexican  village  of  3Iulato,  below  Palvo. 

Ernst  and  I/indsey  systems. — Near  Boquillas,  on  the  Rio  Grande, 
in  Brewster  County,  there  are  two  small  irrigation  plants  which  take 
their  water  from  Tornillo  Creek,  which  is  dry  most  of  the  year,  but 
affords  excellent  opportunities  for  impounding.  Mr.  A.  Ernst  owns 
a  ditch  900  feet  long,  4  feet  wide,  and  3  feet  deep,  which  was  con- 
structed in  the  early  part  of  1901,  on  the  ea43t  side  of  the  creek.  The 
soil  here  is  sandy  and  of  goo<l  productive  possibilities.  Twenty  acres, 
in  corn,  cotton,  and  beans,  were  irrigated  this  year  (1902).  The 
plant  of  D.  E.  Lindsey  is  on  the  west  side  of  the  creek.  The  ditch 
was  constructed  in  1898.  It  is  1,500  feet  long,  3  feet  wide,  and  2  feet 
deei3.  The  earth  dam  across  the  creek  is  400  feet  long  and  0  feet 
high.     Thirty  acres,  in  Ijeans  and  corn,  are  cultivated  at  this  plant. 

Ditches  along  Alamo  and  Leoncito  creeks. — Two  ditohes  have  been 
taken  out  of  Alamo  Creek,  in  Brewster  County.  The  first  of  these, 
taken  out  in  1880,  is  2  miles  long,  3  feet  wide,  and  irrigates  250  acres 
of  corn,  beans,  wheat,  and  sorghum.  The  water  is  deflected  into  the 
ditch  by  a  dirt  dam  40  feet  long  and  4  feet  high.  A  ditch  has  also 
been  taken  from  Leoncito  Creek.  Its  length  is  one-fourth  of  a  mile, 
its  width  1  foot.  It  irrigates  3  acres  of  alfalfa.  Two  other  small 
ditches,  irrigating  about  3  acres  each,  derive  their  water  from  small 
springs. 

Pool  system. — A  few  mil<»8  from  Shafter,  on  the  ranch  of  J.  R.  Pool, 
5  acres,  in  vegetables  and  fruits,  are  iirigated.  The  water  is  derived 
from  springs,  and  the  peaches  produced  are  of  excellent  quality  and 
abundant  quantity. 

Hosier  Brothers  system. — The  Hosier  Brothers,  near  Dryden,  have 
tw^o  small  ditches,  from  whi(jh  24  acres  are  iirigated.  The  larger  one 
is  three-fourths  of  a  mile  long.  It  was  built  in  1898  and  1899,  takes 
its  water  from  a  sirring,  and  irrigates  19  acres  in  corn.     The  smaller 
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sh  WM  tmilt  in  1894,  is  one-fonith  of  a  mile  long,  takes  its  water 
n  Arooha  Spring  Creek,  and  irrigates  5  acres  of  sweet  potatoes, 
loos,  and  vegetables. 
)itehes  in  Jeff  Davis  County. — In  Jeff  Davis  County,  along  Lim- 

Cieek,  several  small  gardens  and  farms,  aggregating  nearly  100 
ea,  are  irrigated. 

ImpZefon  system. — ^Thirteen  miles  northwest  of  Alpine  and  15 
es  soatheast  of  Fort  Davis,  in  the  county  of  Jeff  Davis,  there  is  an 
gated  system  on  the  Templeton  ranch.    Two  natural  springs  from 

ride  of  a  mountain  supply  the  water  to  irrigate  an  18-acre  orchard 
itaining  about  2,000  fruit  trees,  consisting  of  apples,  peaches, 
■IS,  pears,  aprioots,  quince,  and  almond.  The  two  springs  irrigate 
arate  pieces  of  ground.  The  one  near  the  residence  supplies  water 
*  domestic  use,  irrigates  about  2  acres,  and  waters  the  domestic 
lek.  In  connection  with  this  is  a  cement  tank,  having  a  capacity 
11,000  gallons,  which  is  supplied  by  pipes  that  lead  from  the  spring 
d  fill  it  in  about  thirty-six  hours.  This  amounts  to  about  one- third 
B  flow  of  the  spring.  The  larger  spring  irrigates  directly  15  acres 
dioat  the  intervention  of  a  reservoir. 
Two  miles  above  this  place  is  located  a  field  of  about  30  acres  which 

npplied  by  one  or  more  springs.  No  ditches  are  used,  but  the 
mge  crops,  consisting  of  alfalfa,  Johnson  grass,  and  cane,  are  sub- 
ngated,  and  when  not  used  for  pasture  the  field  produces  three  or  four 
raps  each  year. 

PECOS   TAJAJEY  8T8TEMS. 

Pecos  River  rises  in  the  northeastern  part  of  New  Mexico  ami  flows 
11  a  general  southerly  direction  through  the  southeastern  imrtof  that 
hmtory,  crossing  the  western  prolongation  of  Texas  and  finally 
altering  the  Rio  Grande  at  about  the  lower  third  of  tlu*  length  of 
^t  stream.  It  is  supplied  to  a  considerable  (jxtc^nt  by  water  from 
Iwge  springs  in  the  limestone  rocks  of  the  region,  of  whieh  Koswell 
"now  the  principal  town.  These  maintain  the  perennial  flow  of  the 
fJver,  the  run-off  from  the  catchment  basin  l)eing  irregular  in  char- 
acter and  diminishing  at  times  to  relatively  small  amounts. 

Urge  irrigation  works  have  been  constructed  in  the  vi<*inity  of 
8o8Well,  which  utilize  the  greater  part  of  \]\v  summer  flow  of  the 

• 

^^w  80  that  during  the  dry  season  of  tln'  year  litth*  water  <toss<\s  the 
T^Xiwline.  Large  stf)rage  n»servoirs  have  Imhmi  createcl  both  at  Kos- 
**n  and  alK)ve  Carlsbad.  Betw(»en  (-arlsbad  and  th<»  Texas  State 
"Detht^reare  several  nH»nfon*ing  springs.  The  water  that  flows  in 
*>^  stream  is  largely  derived  from  tlu^  seepage  of  irrigated  hinds 
**^*e,  and  is  often  heavily  charged  with  alkaline^  salts.  Irrigation 
***^U  have,  however,  been  constructed  along  the  valley  in  Texas, 
l**^cipally  near  the  town  of  Pecos,  at  the  (crossing  of  tlu^  Texas  and 
"•cific  Railroad.  The  valley  is  f(?rtile,  and  wh<»re  projK^rly  irrigated 
*8«  crops  are  produced. 
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MARGUERETTA  CANAL. 

TIm'  most  ill!  port  Hill  irrigation  syst^^m  aloiifr  i\n*  river  in  Texas  is 
the  onr  about  '>(>  iiiilc^s  from  \\w  New  Mexico  line  known  A8theMA^ 
ji^iier(?ttH  cranal  system  (sci*  \\^,  4).  It.  was  begun  in  1887  by  the 
Pioneer  Canal  Company,  whleh  afterwards  eonHulidated  with  the 
Marguen.'tta  Canal  (■omx>any,  whieh  now  owns  the  whole  ^yitem. 
Water  is  <livrrt<Ml  liy  means  of  a  brush  dam,  it  l)eiiig  deemed  inqpnu)^ 
ticable  to  buil<l  a  masonry  stru<'tur<'  in  the  sandv river  bed.  Thedam 
i8  2o0  feet  lon^  and  5  ftM^t  hi^h.  The  head  gate  is  showninFLII,^ 
As  shown  in  fi;;.  4,  tlie  canal  is  taken  out  of  the  west  side  of  the  river, 
runs  in  a  soutliw(\sterly  direction  for  a  distance  of  3  miles,  croflaeflthe 
river  in  a  flume  (shown  in  IM.  HI),  ami  then  runs  in  a  general  easterly 
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Fn;.  I     Map  <»f  Miirpnorntta  rnnal  Hyst^^m. 

direction  for  1l*  mil(»s.  'I'h(M*e  is  also  a  branch  continuing  down  ^ 
west  bank  for  a  considerable  (Hsiance,  l>einp:  lh<»  main  part  of  the  ^ 
Pioneer  canal  and  now  known  as  the  West  Valley  canal,  a  vie^* 
which  is  shown  in  IM.  II,  B.  Thirty  current-meter  measuremet^ 
during  lliOO  show  that  this  ditch  carries  an  average  of  12  second-f*^ 
of  Wiiter.  The  dimensions  of  the  main  ditch  are:  Top  width,  30  fe^ 
bottom  width,  IS  feet ;  depth  of  water,  4.^  feet.  There  are  three  pri 
cipal  laterals,  with  b(»tioni  widths  of  1-J,  t),  and  S  feet,  respective! 
In  PI.  TV,  -I  and  /»,  are  shown  a  slui<M»  j>:ate  and  a  measuring  w* 
used  on  the  (»anal. 

The  canal  was  lirst  used  in  1SS«»,  and  the  extent  of  land  in-igat< 
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t^it  is  steadily  moTeasing.  The  total  cost  of  the  RyBtem  was  more 
fliin  $150,000,  and  it  is  designed  to  cover  abont  40,000  acres,  only 
1^000  of  which  are,  however,  yet  under  cultivation,  llie  water  rights 
are  sold  at  110  an  acre,  a  permanent  right  guaran teeming  25  miners' 
iiKhes  of  water  to  the  acre.  The  annual  rental  is  $1  and  $1.50  for 
Cftch  acre  served  with  water.  The  principal  crop  is  cotton,  of 
wliicb  there  are  about  3,500  acres.  The  other  crops  cultivated  an* 
alfslfa,  sugar  beets,  and  all  kinds  of  forage  plants,  fniitK,  and  vege- 
tables. Sugar  beets  tested  in  1896  showed  between  14  and  20  per 
wnt  of  saccharine  matter.  Peaches,  apples,  and  grapes  do  well. 
Cotton  averages  500  pounds  of  lint  to  the  acre.  The  annual  rainfall 
is  about  12  inches.  Owing  to  the  high  elevation  (2,700  feet)  the 
leasons  are  much  later  than  in  most  of  the  irrigatiHl  districts  of  the 
State. 

The  enterprise  scorns  to  have  been  conducted  with  enorgj'  and  care, 
the  canals  and  head  gates  are  well  planned  and  well  built,  and  alto- 
gether the  scene  about  Barstow,  the  ceiitcp  of  the  irrigated  portion, 
bus  a  general  air  of  healthy  growth  and  prosperity  that  is  veiy  pleas- 
hg  to  the  eye  after  the  many  miles  of  desert  scenery  between  there 
•nd  El  Paso.  There  are,  however,  a  number  of  problems  that  must 
be  solved  before  agriculture  will  be  everywhere  successful.  Much  of 
tiie  land  is  impregnated  with  what  is  known  as  alkali.  At  first  this 
does  not  prove  troublesome,  but  after  a  few  years  of  cultivation  it 
may  be  brought  to  the  surface  by  injudicious  treatment,  an<l  the 
river  water  used  in  irrigation  continually  adds  to  the  supply  of  this 
mineral  matter.  The  only  remedy  so  far  applie<l  is  drainage,  whi<»li 
is  as  important  in  it.s  way  as  irrigation.  The  lan<l  is  nearly  level, 
and  considerable  care  will  be  required  to  pn)vide  means  by  whieh  the 
accumulated  alkali  can  be  washed  from  the  soil. 

One  of  the  principal  crops  is  alfalfa,  whi<*h  sells  at  $H  a  ion  on  the 
'^ars  at  Pecos  and  #10  a  ton  retail.  Alfalfa  {Mfdicacjo  sniint)  will 
P'ow  on  almost  any  land,  under  almost  any  <*on(liti<)ns,  ])nt  salisfac- 
torj'  results  can  be  exiK»cted  only  on  a  luiturally  deep,  loose,  ])orou8 
soil,  preferably  deep  sand,  undiM-lain  with  jjcravel,  so  that  trocMl  drain- 
a^»*  is  Jissured. 

PECOS  RIVER  IRRIGATION  COMPANY. 

Alxmt  28  miles  l)elow  Peeos  is  the  hea<l  ^ate  of  the  eanal  of  the 
IV(»os  River  Irrigation  Company,  on  tli»»  west  sid(»  of  the  river,  run- 
nin^r  in  a  general  southeasterly  din'etion  forlL*  niil(»s.  It  is  the  oldest 
<liteh  on  the  river  in  Te.xjis,  ha^in^  been  built  in  lS7o  and  IST^).  It 
vjis  (^nlarji^ed  in  1S80  and  used  a^ain  in  1800,  but  has  never  Ix^en 
entin»ly  completed  in  its  enlarg(»d  condition.  It  tak<'s  all  its  water 
l)y  means  of  a  brush-and-stone  <lani  about  (>0  feet  lon^  and  from  5  to 
6f(»ethigh.  The  total  cost  of  the  undertaking  was  alK)ut  !i^.'J/),(M)0. 
It  was  designed  to  irrigate  2(),(MK)  acres,  but  only  100  acres  were  irri- 
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}fat«d  in  1901.  The  water  supply  was  very  sbort  Cor  several  years 
especially  in  1892,  189.S,  1804,  and  1898,  after  the  dam  at  Carlsbad 
N.  Mex.,  was  completed.  The  flow  has  increased  since  then,  but  thi 
river  becomes  quite  low  and  the  water  bitter  in  March  and  April  o 
each  year.  The  soils  and  crops  raised  are  similar  to  those  at  Peco 
and  at  Barstow,  but  as  at  times  only  16  second-feet  of  water  fue  per 
mitted  to  pass  Pecos,  the  snpply  and  quality  are  entirely  inadeqaat 
to  meet  the  demands. 

ORAMD  FALLS. 

The  Grand  Falls  Irrigation  and  Improvement  Company  t^es  oat  i 
canal  4  miles  below  the  head  gates  of  the  one  last  described,  bnt  oi 
the  opposite  side  of  the  river.  It  was  begun  in  189G,  and  16  miles  o 
it  are  finished.     It  is  supplied  by  a  brush-and-stone  dam  across  thi 
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river,  100  feet  long  and  7  feet  high.  The  water  rights  are  valued  a 
tl5  an  acre;  the  huquhI  assessment  is  $1.25  an  acre.  The  compan; 
has  complel<ed  an  exi-«llent  system  of  canals  in  one  of  the  most  fer 
tile  valleys  in  Texas  (see  flg.  5),  but  the  enterprise,  like  that  of  fJn 
Pecos  River  Irrigation  Companj',  left  two  factoi-H  out  of  its  calcula 
tions  or  gave  them  too  little  weight — i.  »■.,  the  minimum  flow  of  thi 
river  and  the  amount  of  alkali  it  carries  at  low  Ntagea.  Both  factor 
prove  almost  conel naively  that  only  alfalfa  can  be  raised  on  eithe 
side  of  the  nver  ueai-  Grand  Falls.  The  brackish  condition  of  thi 
water  will  affect  the  young  alfalfa,  but  afler  it  gets  .stronger  it  cai 
stand  it  and  water  can  be  applied  at  will.  By  judicious  mani^men 
a  small  amount  of  alfalfa  can  be  pfoducfvl  in  r>aying  quantities,  not 
withstjtnditig  the  alkali  in  the  water.  Tin;  Pwos  and  Grand  Falli 
systt-nm  liavi-  fallen  far  IhjIow  ex|)Oi'tatioiia. 
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BDW^ABI>8  FLATKAU  STSTEM8. 

The  Edwards  Plateau  compriaes  the  region  bounded  by  Colorado 
River  on  the  north  and  northeast,  by  the  International  and  Great 
Korthem  and  the  Southern  Pacific  railroads,  and  by  Pecos  River. 
The  systems  treated  under  this  section  are  those  included  in  the 
I&teau  and  its  foothills,  including,  in  whole  or  in  part,  the  systems 
in  the  counties  of  Valverde,  Kinney,  Edwards,  Kimble,  Menard,  San 
Siba,  and  Kerr.  From  the  foothills  of  the  plateau  numerous  large 
springs  gush  forth  from  the  limestone  rocks,  and  many  of  these  have 
beenatillzed  for  water-power  and  irrigation  purposes.  Springs  occur 
It  Lami)asas  (the  Hancock  and  Ilanna  springs;  volume,  15  second- 
feet);  at  Walton^s  ranch,  near  Bartlett;  at  Mormon  Springs  (volume, 
10  second-feet),  on  the  banks  of  the  Colorado,  1  mile  above  the  Austin 
dm;  at  Barton  Springs,  1^  miles  southwest  of  Austin  (with  a  volume 
Taryingfrom  18  to  70  second-feet,  the  average  being  30  second-feet); 
itSan Marcos,  forming  San  Marcos  River  (minimum  volume,  70  second- 
feet);  at  New  Braunfels  (minimum  volume,  300  second-feet),  forming 
Comal  River;  at  San  Antonio,  with  a  volume  varying  from  9  to  125 
second-feet;  at  Uvalde,  with  a  volume  varying  from  0  to  16  second- 
feet;  at  Braekettville  (the  Las  Moras,  with  a  minimum  volume  of  21 
ncond-feet);  at  Del  Bio,  in  the  San  Felipe  Springs  and  Creek,  with  a 
minimnm  volume  of  60  second-feet;  along  Upper  Nueces  River,  in  the 
Edwards  Plateau;  the  Kickapoo  Spring,  in  Tom  Qreen  County,  etc. 
The  systems  treated  here  are  those  at  Del  Rio,  including  Cienagus 
Greek;  those  along  Mud  and  Los  Moras  creeks;  those  along  the  Upper 
Nueces;  those  near  Menard ville;  and  those  in  Kerr,  Kimble,  and 
Edwards  counties. 

DEL  RIO. 

At  Del  Rio  is  one  of  the  most  effective  and  successful  irrigation  sys- 
tems in  Texas.  A  map  of  it  is  shown  in  fig.  C.  The  water  is  supplied 
from  Siin  Felipe  Creek,  a  short  stream  formed  by  four  large  springs, 
about  1  mile  east  of  the  town,  within  a  fourth  of  a  mile  of  one  another. 
In  the  4J  miles  from  the  springs  to  tho  llio  Grande  the  fall  of  the  stream 
is  i)2  feet,  thus  furnishing  an  excellent  water  power  for  inannfacturing 
purposes.  Four  ditches  have  iM.'en  taken  out,  two  of  them  for  irriga- 
tion. They  are  8Ui)plied  with  water  by  means  of  two  permanent 
mason rj' dams  05  and  150  feet  in  length,  respectively,  and  each  8  feet 
liigh.  The  smaller  dam,  shown  in  PI.  Y,  B,  is  nearest  the  springs, 
and  is  the  starting  ifo'ini  of  the  San  Felip<^  ditch,  shown  in  PI.  V,  A, 

The  tii*st  ditch  was  started  in  JS<;s  ])y  James  li.  Taylor  and  others. 
The  company  purchased  about  0,(KK)  acres  of  land,  including  Cienagas 
and  San  Felii)e  creeks.  In  1S(;!)  s(»veral  hundr(?(l  acres  wiu-e  irrigated 
from  this  <litch.  The  second  ditch  was  taken  out  in  ISOtJ,  with  a 
capacity  to  serve  1,<KM)  acr(\s.  The  third  was  started  in  1873;  2^  miles 
were  built  in  1874,  and  it  was  widened  and  completed  in  1875.     ITxe 
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diU-hes  HIV  iiow  owiietl  l\v  Hio  San  Feliix'  Ajrricultural,  Mechanical 
aiwl  Irripilion  Comiwuiy,  llii?  Hharen  in  which  are  held  by  owners  «: 
Uic  land  (r< till II landed  hy  tho  dilchos.  The  total  i*OHt  of  the  ditchtM 
was  nbonl  $:!.'>,OiH),  and  thir  Htinual  eottt  of  maintaining;  them  is  abou 
5(1  eenlH  iwr  acn-  ikt  aniiuiii.  The  main  ditches  measure  aboat-t-, 
miles  in  length  and  are  10  feet  wide  at  the  toj>,  have  perpendicnlar 
sides,  and  carry  about  '2  feet  of  water.  The  laterals  are  foar  it 
nuinlMif,  with  an  avera{;e  width  of  4  feet  and  a  total  length  of  24i, 
miles,  making;  thv  total  lenf^th  of  the  ditches  30  milea.  The  arei 
irri;r,it4>(|  is  3,6(M)  a<Tes  (in  meadow,  cotton,  corn,  ^rdenH,  orRhardR 
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and  vineyard«),  idllioii^h  5,t)0il  sv-vfn  fiui  Ih-  irrigated.  All  kindft  o 
fruits  and  vcgi'tablcs  are  giMwii  in  ])i-orusiiiu.  On  June  15  of  thi: 
year  (1'."!-')  inchnis,  plnmH,  and  ji|>i ties  were  rij)e.  The  impressioi 
made  nil  I  lie  traveler  wlio  eomes  riimi  I  lie  iliiHighty  and  sun-8COrche< 
)iiaiiis  is  iKii  siHiii  forgoMcii.  Tliis  eiiliivuted  trnet  haa  been  SO  iso 
lali-d  from  llie  ivsl  of  lhe  aniieiiHiira!  world  thai  none  of  the  diaeasei 
wliii'h  sii  i-edin'c  ilie  jirnfits  of  the  frrape  ;ind  fniil  fji-ower  elsewhen 
have  yet  In-eii  iiitriidii<-ed.  <irai»-s  jirodiiee  fnnii  il.OOO  to  lO.OW 
piiiiiids  to  the  aei-.',  aii<l  aiv  iimsily  iiLade  into  wine,  the  yield  of  whiel 
is  fniiLi  111  to  Iti  barrels  to  the  acre. 


OBHAOAB   An>  inTD 


CISNAQAS  CRBBK. 


Ci«n»^as  Creek  rises  in  the  Oienagas  Spring',  in  neotinn  179,  nbout 
nilefl  west  of  Del  Rio.  A  dam  600  feet  lonfr  nnil  25  feet  high  wiih 
rneted  acruflH  the  creek  in  1875.  Thig  rli'flected  tlie  wuter  into  a 
that  akirt'Cd  the  foothills  to  the  west,  and  then  turned  toward 
iBt,  after  crossing  the  tracks  of  the  Southern  Pacific  Railroad,  aa 
1  in  fig.  7.  The  ditch  is  3^  miles  long,  6  feet  wide,  and  1  fei^t 
TIte  flow  is  safflcient  to  irrigate  SOO  acres.  The  principal  crop 
kJohDAon  grana,  which  is  raisetl  for  hay.     The  year  1900  was  bo  wet 
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MOD  CREEK. 

.Mini  Cn-i'k,  which  is  jiliuiit  luilfway  ImHwci'd  I.ils  Morns  juhI  San 
tVliix;  cn-eks,  has  hiMl  a  viii-ii-d  hisior.v.  Sovcnil  allciiiiits  luivc  In'on 
made  to  utilize  its  waters  for  irrijiJitimi  inir|K»scH.  The  croi-k  rises  in 
large  springs  about  7  niilfts  nortli  of  lUo  K-rttaniui^  of  tho  Soutlicrn 
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Pacific  Railroad.  At  one  time  there  was  a  dam  across  the  sjireiia 
just  l)elow  the  sprin^fH  which  backed  the  water  over  the  springs,  aad 
it  was  claimed  that  this  was  one  of  the  causes  of  the  stream  going 
dry.  The  dam  was  finally  blown  out,  but  the  creek  did  not  regain  its 
former  flow  until  the  sprinj^  of  1900.     It  was  pmctically  dry  from  1898 


yi 

h 

wC 

^ 

X-^\ 

'^\^^\ 

?^^^jT 

^^ 

/                       1 J 

WL 

j~^ 

\X^ 

\/vV^ 

\   "^   >^ 

• 

Fi<}.  8.— Map  of  Mud  Croek  irrigation  flystem 

to  1899.  Its  revival  was  simultaneous  with  the  revival  of  the  Leot»^ 
and  San  Antonio  rivers.  A  ditch,  shown  in  fig.  8,  is  taken  out  of  tlB^^ 
creek  on  its  west  side  3  miles  above  the  railroad,  and  in  1900  aboi^* 
400  acres  were  irrigated  from  it. 

LAS  MORAS  CREEK. 

Las  Moriis  Creek  rises  in  large  springs  near  Brackett.  The  flowi^^ 
1895  was  21  second-feet,  and  in  1900  it  was  51  second-feet.  Th^ 
waters  of  the  creek  are  used  for  irrigating  farms  and  gardens  withit^ 
10  miles  of  Brackett. 

Govern nient  ditch. — The  ditch  nearest  to  Brackett,  shown  in  tig.  9, 
is  the  property  of  the  Government,  being  used  by  the  Seminole  NegrCF 
Indians,  who  live  on  the  Fort  (ylark  Reservation.  It  is  on  the  west* 
side  of  tlie  creek,  and  is  about  1  mil(^  long,  5  feet  wide,  and  1  foot* 
deep. 

Indelkofrr-ORder  ditcJi. — The  Indelkofer-Gilder  ditch,  also  on  the 
west  side  of  the  ere^^k,  is  taken  out  1  mile  beh)w  the  intake  of  the 
Seminole  ditch.  Its  dimensions  are:  Length,  <J0()  feet;  width,  4  feet, 
and  depth,  1  foot;  15  acres  are  irrigHt<»d  from  it. 

Mc Govern  ditch. — The  McGovern  dit(»h,  from  which  8  acres  are 
irrigated,  is  taken  out  on  the  east  side  a  short  distance  above  the 
intakes  of  tho  Indelkofer-Gilder  ditch.  Its  length  is  GOO  yards,  deptU 
1  foot,  and  width  5  feet. 
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I  MA  and  Siratton  ditehsa. — About  6  milefl  below  Brackett  tvo 
—the  Smith  and  the  Stntton — are  taken  out,  one  on  the  west 
id  the  other  on  the  east  side  of  the  oreek.  The  Smith  ditch  )g  600 
IM  kmg,  4  feet  wide,  and  1  foot  deep,  and  irrigates  from  l>  to  10 
n  of  garden.  The  Stratton  ditch  is  3  miles  long,  H  feet  wide,  and 
llfootdeep,  and  irrigatefl  a  hay  farm  of  2fiO  acres  below  the  Southern 
■hofic  RailnMtd.  In  March,  1902,  through  litigation,  Judge  Stratton 
I  Intptrt  control  of  the  ditch  which  bears  his  name,  and  he  therefore 
libuidoiied  it  and  installed  a  pumping  plant  on  the  J^as  Moras.     This 
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pint  can  readily  Ir-  nevn  fnnii  tlic  Siniihorii  I'iicifl<'  trains  tis  they 
near  the  bridge  on  the  Las  Morns.  Tht-  iiiiU'liincry  eoiisiMts  of  a  40- 
Iwrsepowcr  Ames  steam  engine,  which  operates  an  S-im-li  (iould  cen- 
trifngftl  pump  against  a  lift  which  varii-a  from  17  to  liH  feet.  Eagle 
Pass  pohI  is  used  for  fuel,  and  it  requires  2,50f)  pounds  for  a  complete 
%'»  run.  nie  capacity  of  the  plant  is  4,750  niinute-^ailons,  and  in 
Wr>'*iry  soawons  it  exhausts  I lu'  1  wenty-four  liours'  I  tn pounded  flow  of 
*I»Iia,f  Morart  in  two  and  a  half  hours.  A  small  dam  is  constructed 
serosa  the  stream,  which  forms  a  reservoir  i  n  the  channel,  and  is  allowet^ 
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to  impound  Iho  water  in  irrigation  season  for  twenty-four  hours.  Tlie 
water  is  delivered  into  a  flume  15  by  30  inches,  2,000  feet  long,  whieli 
carries  it  to  the  liighest  point  of  the  land.  Johnson  grass  is  the  maizi 
crop,  and  thi*ee  crops  are  made  each  season,  averaging  2  tons  to  tlie 
acre,  which  in  August,  1002,  was  selling  for  $14  a  ton.  This  is  som^ 
what  higher  than  usual,  but  it  never  sold  for  loss  than  $11  a  ton. 

SAN  SABA  VALLEY. 

The  San  Saba  River  rises  in  springs  1^  and  3  miles  above  Fojrt 
McKavett.  The  total  flow  of  these  at  the  crossing  a  mile  below  toyrwr 
was  found  on  August  14,  1902,  to  be  13  second-feei.  There  are  in  ikl  I 
eleven  different  irrigation  systems  in  Menaixl  County  that  take  theii 
water  from  the  river  or  the  springs  that  feed  it.  These  are  the  Ball) 
Perry,  Byers,  Dickinson,  Striegler,  Spitgarber,  Coghlan,  Noyes,  Siekex^» 
Kitchen,  and  Vanderstilcken. 

Bali  system, — The  plant  of  Tom  15all  is  north  of  Fort  McKavel 
and  takes  its  water  from  the  San  Salia  by  means  of  a  pumj)  ran 
a  20-horsepower  steam  engine.     It  is  intended  to  irrigate  50  acres. 

Perry  system, — Seven  miles  east  of  Fort  McKavett,  on  the  sout! 
side  of  the  river,  W.  J.  Perry  irrigates  30  acres  from  the  Slieen  spring" 
which  comes  out  of  the  foothills  in  a  flow^  of  1  second-foot.  Thi  -^ 
system  has  been  in  operation  a  long  time,  and  double  the  aci 
could  be  brought  under  irrigation. 

Sjntgarher  and  Coghlhn  systems, — At  the  Spitgarl>er  ranch,  6 
above  Menardville,  there  is  a  bold  spring  flowing  out  of  the  foothills— ^^ 
A  ditch  taps  this  spring  and  irrigates  20  acres.  One  mile  above  th^^ 
Spitgarber  ranch,  on  the  Coghlan  ranch,  occurs  another  spring.  A.^ 
ditch  taps  the  outflow  of  this  spring  and  irrigates  40  acres. 

Byers  systems, — Twelve  miles  above  Menardville  is  Byers's  vine- 
yard. The  dam  is  almost  as  uniciue  in  construction  as  that  of  Captain 
Sicker.  Into  the  rock  bottom  holes  were  drilled  across  the  river  and 
small  iron  posts  were  inserted.  An  iron  brace  was  attached  to  each 
post,  the  other  en<l  of  the  bract?  fitting  a  hole  drilled  into  the  rock  bot- 
tom. A  plank  was  attached  to  the  upper  side  of  each  i)ost  and 
adjusted  to  fit  the  configuration  of  the  river  ])ed.  On  the  top  of  this 
bottom  plank  another  x)lank  was  placed  and  attached  to  the  x)osts. 
The  ra(;e  was  blasted  out  of  the  solid  rock  on  the  north  side  of  the 
river.  Two  stone  piei*s  were  built  up  to  form  supports  for  the  axis  of 
the  undershot  water  wheel.  To  the  wheel  are  attached  buckets  which 
carry  a  certain  amount  of  water  to  the  l(»vel  above,  and  in  addition 
the  wheel  is  made  to  operate  a  pump  wliich  reinforces  the  flow  from 
the  buckets.  This  plant  irrigates  a  vineyard,  the  fruit  of  which  is 
converted  into  wine.  A  half  mile  below  this  vin(\vard  is  the  plant  of 
the  younger  level's,  whi(rh  is  simihir  to  that  just  described. 

Clear  Creek  systems. — Clear  C-reek,  3  miles  long,  issues  from  the 
mountains  in  a  bold  spring,  which  liad  a  capacity  on  August  14, 1902, 
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Mfluored,  of  21  Momd-feet  The  owner,  W.  J.  Wllkiiuon,  a 
r  of  forty  yean*  resldenoe,  Btates  that  daring  the  summer  the 
I  larger  than  it  is  dating  the  winter.  The  waters  are  uved  by 
I  emalt  irrigation  nystenis,  the  Wilkinson  and  the  Striegler.  A 
rook  dam  at  the  head  defleote  part  of  the  waters  into  the  two 

fco^  the  Wilkinson  system,  from  which  12  acres  are  irrigated  on 
le  of  the  creek.  Near  the  month  of  the  creek  O.  Striegler,  by 
tHBs  of  a  rook  dam  8  feet  high  and  about  SO  feet  in  total  length, 
PW  deflectH  the  water  into  a  ditch  on  the  left  side  of  the  creek,  irri- 
^In  18  acres  in  oom,  cotton,  oats,  melons,  etc.  It  is  well  Ut  remeni- 
Ivthat  the  capacity  of  this  creek  was  exactly  three-fourths  of  that 
t  the  Noyee  ditch  near  the  coarthoose  in  Heuardvillu  on  the  same 

Old  Mimion  ditch. — The  San  Saba  mission  was  eatablishetl  at  what 
mow  known  as  old  Fort  San  Saba  in  17;t4,  and  it  was  from  tliis  the 
irer  took  its  name.  The  Fraacincan  fathers  who  eHtal>lishe<l  the 
■tason  oonstruoted  a  systeui  of  irrigation  the  remaiuH  of  whiuli  <;an 
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ta  easily  traced  to-day.  The  dam  was  a  short  distaut^c  ubove  the 
^ion  and  the  ditch  was  taken  out  on  th»  south  side  of  tho  river  and 
(Urted  the  hills  one-half  mile  above  Meiiardville. 

There  are  three  syetems  nt>ar  Menardville — the  Vaughaa,  the  Sieker, 
iiid  th^  Kitchen.     (See  fig.  10. ) 

Sbyes  ditch. — ^The  Noyes  ditch  in  nearly  10  mile-s  lung.  The  dam 
ibnilt  across  San  Saba  River  nlioiit  4  mill's  abov(!  Mmiaiilvillc, 
•id  the  water  returns  to  the  rivor  S  mili'M  below  that  town.  The 
(itrter  was  obtained  by  the  Yaiighnn  A^jriicultunil  and  InipmviMut'tit 
Company  in  1874,  and  the  ditch  w]l^4  built  soon  aftitr.  It  is  chiiiiii'd 
lliitthis  company  put  412,000  into  the  work.  This  was  an  »;xci's»ive 
mt,  extra  expense  being  incurred  by  the  ntfusal  of  right,  of  way  in 
"Be  instance,  forcing  the  company  to  make  a  cut  H'.  ft-ia  dcej)  and 
Weral  hundred  feet  long.  Further,  the  nietlioils  iMiiployed  were  rude 
•lid  costly.  Wheelbarrows  wei^e  used  to  niovf  tli«  dirt,  and  in  the 
nt  the  earth  was  thrown  on  nt^agiug  and  pas.sed  from  man  to  man. 
^ereare  !>7  shares  of  stock,  valued  at  $180  each.     One  year  tl, 200 
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was  speut  in  improvements  and  another  year  $1,000,  but  the  ditch 
pays  all  running  expenses,  cost  of  improvements,  and  10  per  cent  on 
the  shares  at  the  foregoing  valuation. 

After  construction  the  grade  of  the  ditch  was  found  to  be  irregular 
and  unsuitable,  so  work  has  ])een  done  each  year — catting  and  filling — 
to  reduce  the  slope  al>ove  the  Las  Moras  flume  to  a  nearly  uniform 
grade  of  80  inclies  to  the  mile.  At  the  flume  there  is  a  fall  of  14  inches 
in  128  feet.  At  the  point  of  the  mount<ain,  where  the  ditch  curves 
with  the  hill  and  runs  through  rock,  it  is  lessened  in  size  and  has  a 
much  steeper  grade.  The  gra<le  of  »J0  inches  to  the  mile  was  estab- 
lished experimentally  and  satisfies  as  nearly  as  possible  the  necessity 
of  avoiding  silting  on  the  one  hand  and  erosion  on  the  other.  The 
ditch  runs  through  coai'so  gravel  part  of  the  way,  and  there  is  a  heavy 
loss  from  percolation.  The  straightening  of  the  dit<;h,  the  reduction 
of  the  grade,  and  the  tightening  of  the  dam  have  given  an  available 
flow  of  water  sufficient  to  irrigate  2,000  acres  of  land. 

The  dam  is  of  rough  limestone  quarried  at  the  spot,  averaging, 
where  seen  on  the  front,  2  feet  by  3  feet  by  10  inclies,  and  laid  in 
courses  without  cement.  The  blocks  are  tied  by  bolts  fastened  to  a 
log  under  the  dam,  passing  up  through  the  dam,  and  at  the  top  are 
fastened  by  taps  to  cross-ties  lying  along  the  upper  surface.  The 
dam  is  slightly  concave,  and  is  about  200  feet  long  and  5^^  feet  high  at 
the  center  of  the  front,  with  an  irregular  ])atter.  It  is  13^  feet  wide 
on  top  at  the  center.  It  rests  partly  on  rock  and  partly  on  gravel, 
and  is  backed  with  earth  on  a  sloi)e  of  nearly  2  to  1. 

The  water  stands  witliin  a  few  inches  of  the  top  of  the  dam  and 
overflows  at  every  rise  in  the  river.  Judging  from  the  high-water 
marks  there  are  10  or  12  feet  of  water  passing  over  it  at  times.  Helow 
the  dam  is  a  pile  of  loose  bowlders  which  holds  the  leakage  through 
the  dam  and  forms  a  water  cushion  to  receive  the  fall.  At  every 
high  rise  the  dirt  is  washed  from  the  back  of  the  dam,  and  when  the 
water  subsides  it  is  at  once  replaced  ])y  dirt  scraped  from  the  north 
side  of  the  river.  The  dam  backs  the  water  about  500  vards,  the 
deei)est  hole  being  al)out  15  feet.  Th<i  water  is  taken  out  on  the 
south  side,  lOO  or  more  yards  above  the  dam,  and  is  carried  in  a  cut 
to  the  sluice  gate  a  short  distance  below  the  dam. 

A  section  of  the  ditch  made  a  few  hundred  yards  below  the  sluice 
gate  gave  Ihu  following  dimensions:  Top  width,  15.2  feet;  bottom 
width,  s  feet ;  depth,  2.7  fe<^t;  wetted  perimeter,  1G.5  feet;  area,  29.83 
square  feet;  maximum  surface  velocity,  2.17  feet  i)er  second,  and 
mean  velocity,  1.54  feet  per  second.  The  velocity  was  measured  for 
KM)  f(H»t  above*  and  below  the  section,  wliere  tliere  was  not  a  very  great 
difftM'encM'  in  the  dimensions  of  the  ditch.  The  fall  of  the  surface  was 
foun<l  to  be  0.1  foot  in  11>5,  or  1  foot  in  1,1)50,  or  2.7  feet  in  a  mile. 
This,  with  a  coefficient  of  ^?=0.03,  would  give  a  velocity  of  1.57  feet 
per  second,  which  is  very  near  the  observed  velocity  of  flow,  and 


r:     I- 


I  0AJr  SABA  VALLXT.  83 

^  ^rm  a  dladiarge  of  46  oiibic  feet  per  seoond,  or  2,300  inches,  estimat- 

-'  kg  50  incheB  to  1  foot. 

The  flow  of  the  main  diteh  was  measured  by  current  meter  in 

[  AngDst,  1902,  at  the  bridge  near  the  Methodist  Church  and  it  was 
fanid  to  be  28  second-feet.  Two  small  ditches,  one  on  the  north  side 
flf  Kun  street  and  the  other  skirting  the  foothills  of  the  south,  taken 
Mrt  above  the  bridge  referred  to,  were  carrying  one-third  and  1  seoond- 
boi,  respectively. 

As  to  the  amount  of  water  required  to  the  acre,  one  man  who  irri- 
pta  40  acres  of  land  uses  40  inches  of  water  and  occasionally  needs 
ifitOe  more.  On  another  farm  they  use  15  inches  of  water  on  13 
Mw  of  garden  truck.  On  the  upper  part  of  the  ditch  above  the 
town  the  water  is  measured  and  distributed  by  the  inch;  that  is,  if  A 
■an  wants  20  inches  of  water  the  gate  opening  on  his  ditch  is  set  for 
ft  SO-inch  flow  and  remains  in  that  position  throughout  the  season. 
Inmi  the  town  down  they  use  the  water  in  rotation,  because,  owing 
to  s  mistake  in  laying  out  the  distributaries,  the  use  of  water  above 
toterferes  with  the  flow  below.  So  they  alternate  every  seven  days, 
Am  residents  above  using  all  the  water  that  reaches  them  during  that 
period,  the  lower  owner  having  all  the  water  during  the  next  seven 
it^  One-half  mile  below  the  town  the  Waller  lateral  runs  off  to 
Ae  left  toward  the  river  bend.  At  present  (1902)  it  is  the  custom 
to  let  those  on  the  Waller  have  the  whole  flow  one  week  and  those  on 
tbe  main  ditch  the  next,  etc. 

Assuming  the  acreage  irrigated  to  be  2,000  acres,  we  have  from  our 
Cftlcalated  flow  a  little  more  than  1  inch  to  the  acre,  whicli  is  the 
ftUowance  in  actual  use,  and  a  duty  of  44  acres  per  cubic  fi)ot  por  sec*- 
ond  of  flow  for  the  water  entering  the  main  ditch.  Theses  ineasure- 
oents  were  made  at  but  one  point,  and  can  be  considcMvd  only 
ipproximate  for  the  whole  ditch.  For  accuracy  they  should  be 
repeated  at  a  number  of  points  and  proper  allowance  be  made  for  per- 
eolation  and  leakage.  In  general,  the  estimate  is  that  threi^  wat-er- 
iogs  of  4  inches  will  make  a  crop. 

Sieker  system, — One  mile  below  Meiiardville  is  the  dam  of  Oapt. 
LP.  Sieker.  It  is  of  peculiar  construction,  as  shown  in  lij?.  11.  In 
tline  across  the  river  piles  0  feet  ai)art.  vv<*re  driven  into  tlu^  bed  of 
the  river  with  a  pile  driver,  being  U^ft.  5  ft»ot  above  the  river  ])o1t()m. 
Parallel  to  this  row  and  6  feet  from  it  another  row  of  piles  was  <i riven 
in  such  a  way  that  the  piles  of  the  lower  row  were  immediately  below 
those  of  the  upper  row.  The  piles  weio  thus  located  at  the  corners  of 
Moot  squares.  The  piles  of  the  low(u'  row  projecti»d  only  3  feet 
•bove  the  bed  of  the  river.  Sheathing  boards  '2  inches  thick  wore 
spiked  on  the  upper  side  of  the  u[)per  row  of  piles,  while  logs  were 
Wd  against  the  upper  side  of  the  lower  row  of  piles  and  were  wired 
U)  them.  The  inclosure  between  the  sheathing  and  the  logs  was 
fflledwith  loose  stone.     This  added  weight  and  increased  the  stability 
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Hlrcndy  obtAinttl  by  siiikinc  iho  piles.  To  pr(>T(?nt  leakage  cedf*^ 
t<)i>s  wen.'  |)il<'<l  tiliiivo  llii-  <lmi)  and  wfn;  traiiijiffl  into  tbe  Mil  H[k<^1 
ii^aiiisl  till?  daiii.  On  111])  (if  iIm-  <4o<lHr  Itoiighs  ctirtli  was  fillrfto 
vviiliin  ii  sliort  (li.slaiicv  of  1Im>  top.  This  nicthrMi  of  ooiistnictiiq;  A 
(lani  ]ia«  ]in)V('(l  vi-ry  niii<-cr*ssfiil.  Ttic  <lain  is  -li^"  fc<'l  lonUi  5  fee* 
liigli,  and  (i  ftfl  wi<l(?. 
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Temple  Field  Creek,  and  Scalp  Creek.  At  first  the  old  form  of 
wooden  flume  was  used  iK^ross  these  erei'ks  and  l)ranc*lu*s,  the  chan- 
nels being  4  feet  wide  and  2  feet  deep,  but  the  ox(M\ssivc  licat  of 
summer  caused  constant  leaks  in  the  ilunios',  and  they  were  finally 
abandoned  as  water  carriers.  The  sides  were  taken  olT  aii<l  the 
floors  were  left  as  supports  for  the  pip«^  lines  which  were  substi- 
tuted to  carry  the  water  across  the  crwks.  To  countera<*t  the  expan- 
sion due  to  the  heat  a  flexible  joint,  shown  in  fijr.  1-,  was  desipied  to 
connect  the  sections  of  the  pipe.  After  the  ends  were  l)roujcht 
togetlier  several  inches  of  the  pipe  near  the*  joint  was  h(»avily  coated 
with  North  Carolina  tar,  heavy  canvas  was  wrapped  anmnd  tlie  joint, 
the  whole  was  again  tarred,  and  the  canvas  was  securely  strapi)ed  to 
the  liipes  by  wires  twisted  around  the  joint.  A  !)ulkliea<l  was  con- 
structed across  the  ditch  on  each  side  of  the  crc»eks  and  tlie  ])i|M\s  were 
bnilt  into  the  bulkheads.  At  Millers  Branch  tin*  Ihniie  pip«*  is  !M)  feet 
lonjr,  18  inches  in  diameter,  and  has  a  fall  of  14  inches;  at  T(Mnple 
Branch  the  length  of  tht»  pipe  is  50  feet,  its  diani(;t<M'  15  incli(»s,  and 
the  fall  0  inches;  th<»  Temple  Field  flume  pipe  is  \'2r}  f«»et  long  and  12 
inches  in  tliameter,  and  the  fall  is  IS  indices;  at  Scalp  Cre(»k  the 
length  of  the  pipe  is  180  U^U  it»  diaineter  KJ  inches,  and  the  fall  18 
inches.  All  of  these  flexible  joints  and  pijK*  flumes  have  i)n)ved 
eminently  satisfactory. 

KUehen  difch. — This  ditch  is  tiiken  out  ^i^  miles  Inflow  Menanlville 
and  5.V  miles  below  the  Si<?ker or  Mamie  dam.  The  dam  is  nf  brush, 
rock,  and  dirt,  alK>ut  75  f(»et  long  and  7  fet»t. liigli.  The  ditcli  heading 
from  the  lake  fornuMl  by  the  dam  is  4.J  miles  long,  '>  feet  wide,  and  2 
feet  deep.     Three  hundred  acr<'s  were  irrigated  from  it  in  r.M)i>. 

V'andf  rshirkfn  sifsU'in. — Twelve  mih's  east  of  Menar<lville,  on  San 
Saba  River,  is  a  i)umping  plant,  owned  by  Kmile  Vand<'rstii<*k<'n, 
consisting  of  a  i*S-horsepow(M'  steam  engine  <»p<»rating  by  a  belt  a 
Van  Wie  centrifugal  X)um[)  having  a  <*apacity  of  5,000  gallons  a  min- 
ute, or  1  ls<M*ond-feet,  with  a  lilt  of  .'Jl  feet.  The  total  cost  of  the  j>laiit. 
was  *1, 5(H).  No  reservoir  is  use<l,  tlu»  water  being  cai'iied  in  a  (luiiu* 
to  the  highest  point  on  tin*  land  and  disl  iibnte<l  b\  ditches.  Tlie 
flume  runs  along  a  ridge  U)v  15o  U'v\  and  then  bi-anclics. 

Sloan  .sijsfeni. — At  Sloan,  San  Saba  (ounty,  tlici'c  is  a  series  of  jK*r- 
ennial  springs  that  gush  forth  fi-oin  the  foothills  near  San  Saba  Kiver. 
()rijj:inally  the  wat<»r  ran  down  to  the  low  grounds  and  fornnMl  a  |>on<l, 
but  about  1S70  a  ditch  was  <M)nstrncte(l  along  thr  foijt hills  to  tin'  river, 
which  took  the  water  away  from  the  pond,  and  it  so<m  dried  np.  A 
sTono  dam  2o<i  fe(»t  long  and  4  I'«m'1  high  was  built  to  defh'rt  the  water 
into  the  ditch.  The  ditch  shown  in  llg.  l.)  is  1  mile  long,  't  feet  wid<*, 
and  1  foot  deep.  The  formei*  pond  is  now  an  ii'rigateil  farm,  through 
which  runs  a  long  sag.  To  convey  the  water  a<*ioss  this  saga  i"oek 
rac*<-  and  a  pine  and  <\vpress  (In me  are  used.  Th<»  soil  is  a  lich,  black 
loam,  slightly  sandy.     Tin*  cro[»s  raised  are  eorn,  cotton,  i-ibbon  cane. 
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and  sweet  potatoes.  The  yield  per  acre  is  generally  from  4i 
bushels  of  corn,  from  1  to  2  bales  of  cotton,  al>out  290  gal 
molasses,  and  from  150  to  .*5(X)  bushels  of  potatoes.  The  d 
owned  by  Mr.  J.  A.  Sloan  &  Sons,  and  in  1902  it  irrigated  186 


Fni.  13.— Mil])  of  SliMiii  irrij^itioTi  systoni. 

Dorcui  sfjsteift. — Sovcnlcen  miles  west  of  the  town  of  San  i: 
the  irri<rat  ion  plant  of  AV.  K.  Doran.  Th<»  wator  is  drawn  fn 
river  throuj^li  a  <litch  (Jno  feet  lon^  into  a  pond  from  whic 
pumped  into  the  flume.  A  KMiorsepower  enpne  runs  a  cent: 
pump    against   a    lift  of  28   feet,  delivering   2   cubic  feet  p 
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One  hnndred  acres  (in  cotton,  millet,  cane,  and  com)  are  to  be 


MnveB 


iped 


Wed  A  Burnet  system. — ^Ten  miles  northwest  of  San  Saba  West  & 
[Biniet  haye  constructed  an  impounding  reservoir  of  an  estimated 
Ltqndtf  of  20,000,000  gallons,  by  making  a  dam  across  a  drainway. 
I  lb  dam  is  705  feet  long,  14  feet  high,  and  cost  nearly  t1 ,000.  The 
IwltiiaTy  crops  will  be  irrigated  and  the  n amber  of  acres  the  canal 
Iffflserve  will  be  determined  by  trial. 

jEiny  sydem, — Probably  the  oldest  irrigation  plant  in  the  San  Saba 

^MDtiyis  that  of  the  King  Sisters  (Larkin  King,  manager),  just  above 

I,  on  the  south  side  of  the  river.    There  are  two  springs,  known 

itke  Fleming  Springs,  that  issue  from  the  foothills  of  the  mountains 

va^lj  the  King  farm  with  sufficient  water  to  irrigate  40  acres. 
ISHs  sysUm. — ^Twelve  miles  above  San  Saba,  on  the  south  side  of 
river,  Robert  Ellis  operates  a  pump  irrigation  plant,  which  was 
erected  late  in  the  season  of  1902.  A  stationary  tubular  25- 
»power  boiler  furnishes  steam  to  a  20-hor8epower  engine,  which 
a  6-inch  Rumsey  pump  against  a  lift  of  25  feet.  Th&  water  is 
ont  of  a  walled-in  well  6  feet  in  diameter  and  19  feet  deep 
top  of  curbing,  the  well  being  supplied  from  the  San  Saba  River 
al5-ineh  wooden  pipe,  constructed  of  leveled  2  by  4  pine  lumber, 
water  is  pmnx>ed  into  a  canal  that  conveys  it  to  the  fields  one- 
fcwth  mile  from  the  pump.  Ordinary  crops  of  corn,  cotton,  etc.,  are 
Wgated. 

Hawkins  system. — Eight  miles  above  San  Saba,  on  the*  farm  of  Mra. 
It  E.  Cook,  Thomas  Hawkins  has  equipped  a  pumping  plant  by  a 
l^-horsepower  charter  gasoline  engine,  which  runs  a  4-lnch  vortical 
T»n  Wie  centrifugal  pump  against  a  lift  of  ^'^  feel.  The  i^lant  cost 
•^jand  with  it,  by  the  use  of  $4  worth  of  oil,  G  acres  (*an  Ih^  irri<rated 
^ tie  furrow  system  each  day.  By  this  plant  40  to  50  acres  can  be 
^ted  eac^h  season. 

f^sed  canal  system. — Many  surveys  have  been  made  with  the 
^^  of  putting  in  an  irrigation  system  on  a  lar^e  scale  in  the  San 
*^  Valley.  Seventeen  miles  above  the  town  of  San  Saba,  at  the 
«*m)W8,  the  river  issues  from  the  canyons  whieh  it  has  traversed 
^a distance  of  60  miles,  from  a  iK)iiit  about  12  miles  below  Menard- 
^t.  From  the  Narrows  to  the  junction  of  the  San  S^iba  and  Colo- 
'•do  a  fertile  valley  on  each  side  of  the  San  Saba  River  could  easily 
w  brought  under  irrigation.  The  How  of  the  San  Saba  at  the 
^»npow8,  as  determined  bj' two  measurements  in  June,  1002,  by  the 
^'iter,  at  a  time  when  no  rain  of  importance  had  falh^n  in  its  water- 
*W  for  two  years  previous,  was  found  to  be  l'4.  5  second -feet.  To 
^^Hgate  the  42,000  acres  in  the  valley  ])eh)w,  a  syst(»ni  of  storage 
WKrvoirs  could  easily  be  constructed  by  putting  in  dams  across  the 
nver  at  the  Narrows  and  near  tlie  mouth  of  Brady  Creek.  The 
^fleeting:  dam  at  the  Narrows  would  be  about  550  feet  long  anci  Oo 
feet  high  to  fill  the  north  valley  canal,  which  would  bring  wikCk^T 
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ditch  all  of  the  north  valley  between  Doran's  ranch  and  the  Coloradi 
Two  distinct  surveys  have  been  made  by  independent  {Mtrties  wit 
the  view  of  putting  in  a  complete  irrigation  system  in  this  vaUe; 
The  soil  is  rich,  and  the  XK>ssibility  of  irrigating  the  lands  in  tl 
valle}'  by  storing  up  the  flood  waters  in  the  deep  canyons  offers  eai 
construction  for  the  prospectors.  Between  the  deflecting  dam  ai 
Menardville  there  would  be  no  adverse  interest  to  complicate  tl 
situation,  as  there  are  no  farming  lands  in  this  section  of  the  river 
be  covered. 

Syateius  east  of  San  Salni. — Just  east  of  San  Saba  there  is  a  lar; 
tract  of  land  extending  from  the  mill  creek  that  skirts  the  town  tot! 
foothills  3  miles  east.  This  land  could  \)e  irrigated  easily,  and  offc 
an  inviting  field.  From  the  lake  formed  by  the  dam  across  the  ere 
a  stone  race  leads  out  into  a  ditch  that  commands  several  hundr 
acres.  The  ditch  is  2  mih^s  long  and  is  well  built,  as  is  shown  by  t 
substantial  flume  about  one-fourth  of  a  mile  from  the  dam,  which  w 
used  t^)  carry  the  water  «u*n)ss  a  sag.  This  ditch  has  not  been  utiliz 
for  two  'or  three  years,  but  it  is  reported  tliat  it  will  l>e  brought  in 
us(»,  again  for  tlie  season  of  1002.  Near  the  foothills  east  of  San  Sa 
an  efTective  spring,  known  as  the,  Barnet  Spring,  furnishes  sufficic 
water  to  irrigate  the  lands  of  Ilambert  Brothers  and  those  of  M 
Farrar.  The  ditch  is  a  small  surface  trt^nch,  and  could  be  render 
much  more  effective  by  repaii's. 

Maxwell  system . — Twelve  miles  southeast  of  San  Saba,  on  Rou 
Creek,  Z.  T.  Maxwell  has  an  irrigated  farm  of  40  acres,  the  water  1 
which  is  supplied  by  perennial  springs  on  the  mountains.  Thewat 
is  conveyed  from  the  springs  by  a  ditch  1,500  feet  long,  which  is  tapp 
by  three  side  ditches.  The  nmin  ditch  has  a  fall  of  1  foot  in  every  3( 
while  the  side  ditches  have  a  fall  of  1  foot  in  every  600.  The  soil 
partly  black  loam  and  partly  chalky  and  sandy.  The  farm  has  be 
in  operation  since  1880,  and  is  one  of  the  most  successful  in  Te» 
Tlie  crop  in  11K)1  was  distributed  as  follows:  Twenty-one  acres 
onions,  2  acres  of  cabbag<^s,  2  acres  of  tomatoes,  10  acres  of  millet 
acres  of  cane,  and  the  reniain<lei'  in  corn,  wheat,  etc.  A  second  cr 
is  raised  on  the  small-grain  and  the  <mi(m  land.  In  1901  the  oni 
land  yielded  180  bushels  to  the  acre  and  a  second  cro})  of  50  bush 
of  peas  t^)  the  acre. 

Baker  sifsteni. — Near  Sloan  post-oflice,  on  Richland  Creek,  a  tril 
tary  of  San  Saba  RiviM-,  about  :]0  miles  northwest  of  the  town  of  S 
Saba,  George  Baker  has  a  system  of  ditches  from  which  he  irriga 
150  acres,  the  principal  crop  being  cotton.  The  water  is  taken  fr< 
the  Richland  Spring  by  a  cement  and  stone  dam  25  feet  long  an< 
feet  liigh.  There  are  2  miles  of  ditches  on  botli  sides  of  the  cre< 
the  width  and  depth  of  which  are  4  feet  and  2  feet,  respectively.  T 
plant  was  inaugurated  in  1870,  and  lh(»  yield  from  the  black  and  wa 
valleys  on  each  side  of  the  creek  is  from  1^  to  2  bales  of  cotton  to  t 
acre. 
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There. are  seyeral  small  irrigation  plants  in  Edwards  and  Uvalde 
eooniieB,  on  the  prongs  of  Nueces  and  Frio  rivers,  in  the  vicinity  of 
Lnfa^,  Barksdale,  Yanoe,  Biofrio,  Montell,  and  Lagnna.  The  fol- 
bring  persons  have  irrigation  plants:  Tom  Woods  and  M.  Clymer, 
Mtr  Book  Springs;  W.  B.  Patterson  and  H.  Elms,  near  Leakey;  W.  D. 
Hnteheson,  O.  A.  Y.  Burr,  John  Nelson,  M.  Red,  J.  W.  Sparks,  W.  F. 
Woodward,  S.  W.  McLaughlin,  Mrs.  W.  A.  Connell,  W.  A.  Shockley, 
J.  K.  Lippard,  B.  F.  Casey,  J.  H.  Woods,  and  E.  M.  Jones,  near  Barks- 
I  iale;  Z.  H.  Pannell  and  A.  R.  Barker,  near  Yance;  W.  T.  Patterson, 
Msr  Riofrio;  J.  H.  Etheridge,  at  Montell,  and  William  Landnim,  at 
Iigima. 

Woods  system. — ^The  Tom  Woods  plant  is  a  small  one  on  the  Pul- 
liam  Prong  of  Nueces  River.  It  was  built  in  1883.  The  dam,  which 
b  150  feet  long  and  1\  feet  high;  deflects  the  water  iuf4>  the  dit-ch.  Jt 
bmade  of  logs,  rock,  and  dirt.  The  ditch  is  OCK)  yanls  long,  2^  feet 
wide,  and  1  foot  deep.  The  soil  is  black  alluvial  along  the  hanks  of 
flie  stream,  and  8  acres  are  irrigated  and  planted  in  com,  potatoes, 
euie»  and  Johnson  grass.  The  yields  x>er  acre  are  as  follows:  Thirty- 
tiiree  bushels  of  com,  200  bushels  of  potatoes,  2  tons  of  cane,  and  from 
9  to  4  tons  of  Johnson  grass.  About  1  acre  is  sublet  to  another  party 
for  a  garden.  .   . 

Clymer  system, — The  plant  of  M.  Clymor  was  ooiistrueted  in  1807, 
and  consists  of  a  ditch  1,300  feet  long,  2  feet  wide,  and  about  1  foot 
deep.  It  takes  its  water  direct,  without  the  aid  of  a  dam,  from  Hack- 
berry  Creek,  a  tributary  of  the  East  Prong  of  Xuc^ees  River.  The 
soil  is  a  black  loam,  4  acres  of  which  are  irrigated  for  garden  truck. 

Huf<:h€S07i  system, — W.  D.  Hutcheson,  near  I3arksdaU%  has  two 
ditches,  both  of  which  take  their  water  from  the  Soutli  Prcnig  of 
Campswood  Creek,  a  tributary  of  Xueces  lliver.  '^rh<»  first  ditcli  was 
taken  out  in  1889,  on  the  east  side  of  the  creek.  It  is  500  yards  long, 
2  feet  wide,  and  about  1  foot  deep.  It  tak<*s  its  water  from  the  creek 
without  the  aid  of  a  dam.  The  second  ditch  was  built  in  180.3,  on  the 
west  side  of  the  creek.  It  is  400  yards  long  and  of  the  same  general 
dimensions  as  the  first  ditch.  The  water  is  defl<»cted  into  it  by  a  rock- 
and-earth  dam  20  feet  long  and  3  feet  higli.  Tlie  first  ditcli  irrigates 
7  acres  and  the  latter  13  acres.  The  soil  is  a  ricli,  black  loam,  and 
readily  produces  40  bushels  of  corn  or  1  bale  of  cotton  to  the  acre. 

Ndson  system, — John  Xelson's  plant  was  inaugurated  about  ten 
years  ago.  It  is  near  tlie  po8t-ol!i(.*e  of  ]>arks<lale,  on  thi*  Scmtli  Prong 
of  Campswood  Creek.  The  dam  is  of  logs,  stones,  and  eartb,  is  30 
feet  long  and  4  feet  high,  and  dellects  the  water  into  the  ditch.  Tlie 
latter  is  taken  out  on  the  left  bank,  is  000  yards  long,  25  feet  wide,  and 
about  1  foot  deep,  and  irrigates  150  acres  in  corn,  potatoes,  and  cane, 
yielding  40  bushels  of  corn,  l*8o  bushels  of  potatoes,  and  5  tons  of 
oane  to  the  acre. 


40  IRRIGATION    SYSTEMS   OF   TEXAS.  [wo-  '^ 


Red  system, — The  dit<;h  of  M.  Red  is  on  the  South  Prong  of 
wood  Creek,  near  the  Barksdale  post-office.  It  is  025  yards  longr,  ^i 
feet  wide,  and  of  an  aVerajc<i  depth  of  1  foot.  It  was  constructecl  id 
1800,  and  takes  tlie  water  from  the  stream  by  means  of  a  log,  ston^j 
and  dirt  dam  IH  fei^t  lonu:  an<l  2 J  feet  high.  Twenty-three  acres  of 
bhick,  ix)rous  limestone  soil,  in  <!orn,  potatoes,  cane,  and  vegetables* 
are  irrigated.  The  yiehl  per  acre  is  40  bushels  of  com,  225  hxxsliBl^ 
of  sweet  potatoes,  and  o  tons  of  cane. 

Sjforks  system. — Tlu*  dit<;h  of  J.  AV.  Sparks  is  taken  out  just  ])elo^ 
tlmt  of  M.  Red,  but  on  the  opposit(»  side  of  the  creek.     It  is  2,lCK? 
feet  lon^,  2  feet  wid«s  and  1  foot  de(»p,  and  irrigates  22  acres.    Th^ 
dam  is  made  of  logs,  stone,  and  dii-l;  is  20  feet  long  and  2  feet  high-- 
The  soil  is  black,  and  prmluces  1  ])ale  of  cotton,  40  bushels  of  corn^ 
and  280  bushels  of  sweet  potat<M^s  to  the  acre. 

Wocnhrard  systetn. — The  system  of  W.  F.  Woodward,  which  is  just^ 
l)elow  that  of  Mr.  Sparks,  on  Campswood  Creek,  was  construct^  in 
1895,  and  irrigat^^s  25  acres  of  black,  loose  limestone  soil  in  the  usual 
crops  of  tliis  section  (corn,  j)otatoes,  and  sorghum),  the  yield  per 
acre  being  40  bushels  of  c^orn,  3(K)  bushels  of  potatoes,  and  5  tons  of 
sorghum  hay.  The  dam  is  24  feet  long  an<l  2  feet  high,  and  deflects 
the  water  into  a  ditch  2,100  feet  long,  2^^  feet  wide,  and  1  foot  deep. 
It  is  taken  out  of  the  left  bank,  but  crosses  to  the  right  bank. 

McLaughlin  system. — S.  W.  McLaughlin's  ditch  is  just  northwest 
of  that  of  AV.  F.  Woodward,  and  takes  its  water  from  the  left  bank 
of  Campswo<Ml  ("reek,  by  a  dam  of  logs,  stone,  and  dirt  40  feet  long 
and  ',)  feot  high.  The  ditch  is  1,950  fe<4  long,  24^  feet  wide,  and  1  foot 
deej).  The  soil  is  similar  to  that  of  the  preceding  plants,  14  acres  of 
which  arc*  irrigated  in  the  three  chief  croi)s  of  the  Barksdale  section — 
corn,  sweet  potatoes,  and  sorghum. 

Connfll  sysf<'m. — On  tlie  farm  of  Mrs.  W.  A.  Connell  there  occurs 
one  of  the  springs  (Connell  Spring)  that  really  are  the  source  of  the 
water  of  the  upper  sections  of  Nueces  and  Frio  rivers.  Its  waters 
are  led  off  into  a  ditch  800  feet  long,  2^  feet  wide,  and  1  foot  deep, 
which  irrigates  24  acres,  in  corn  and  potatoes.  The  spring  is  near  a 
stream,  and  the  ditch  runs  i)arallel  to  the  stream  for  about  half  its 
length  and  then  crosses  by  a  flume  to  the  right  bank. 

Shockley  system. — The  next  ditch  below  that  of  Mrs.  Connell,  on 
the  short  spring  branch  that  is  tributary  to  the  East  Nueces,  is  that 
of  W.  A.  Shockley.  The  water  is  taken  from  the  branch  by  means 
of  a  dam  of  logs,  stone,  and  dirt  20  feet  long  and  2  feet  high.  The 
ditch  is  2,700  feet  longj  JJ  feet  wide,  and  1  foot  deep.  The  system  was 
constructed  in  1894,  and  50  acres  are  irrigated,  the  yield  being  35 
bushels  of  corn,  275  bushels  f)f  potatoes,  and  5  tons  of  cane  to  the 
acre.  Messrs.  Woodward  and  Cunningham  are  joint  ownei*s  with 
Mr.  Shockley. 

Lippard  system. — The  plant  of  J.  K.  Lippard,  at  liarksdale  post- 
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ofli<*e,  was  ereet4?d  in  1892,  ami  consists  of  a  st()ut»-aiul-<lirt  dam  lo 
feet  loii^  and  1  foctt  liifcf)  Hoross  CanipswotMl  (-rook  an<l  a  <lit<*h  l,o(M) 
feet  lonjj,  2  feet  wide,  and  I  foot  deep.  Tliis  plant  irrigates  12  a<Tes 
of  the  black,  jkh'ous  limestone  st>il  i)lanted  in  corn,  sweet  p<»tat4H3.s, 
and  sorghum,  prodneinjr  ^35  bushels  of  <*oni,  275  )»nshcls  of  p(»Uit<X's, 
and  5  tons  of  cane  to  the  acre.  The  ditch  is  taken  out  of  tin*  left 
bank  of  the  stream,  but  (^ross(»s  tlie  civek  l»y  a  flume,  tlius  irripitinjc 
laud  on  lH>th  sides. 

Casey ^  Tnijlory  atnl  Graham  sifsleiu. — H.  F.  ('ast\v,  M.  M.  Taylor, 
and  Oscar  Oraham  (Harksdale)  are  th<»  joint  own<'rs  of  a  ditch  that 
was  constructed  in  18'.l^<  to  take  water  from  a  short  s[>rin<^  l)ninch 
tributary  to  the  East  Xuect^s.  Tlie  <litrh  is  1}  miles  lon^,  4  feet 
wide,  and  2  feet  deep,  an<l  irrigates  U)  acres,  tin*  yi<»l<l  imm*  a<*n»  b(»in<i: 
i<)  bushels  of  corn  and  1  bale  of  <*otton.  Tin*  dam  is  <»f  lo^s  and  dirt, 
4<»  feet  long  and  3  fe(»t  hi^h. 

Burr  and  Wttods  systfins, — On  th<'  Pulliam  Tron^  of  tln^  Xu<*ces 
U.  A.  V.  Hurr  and  J.  H.  WcmmIs  «»ach  took  out  a  ditrli  in  ISIMJ.  That 
of  the  former  is  a  half  mile  long,  2  feci  wide,  and  2  feet  <l<»ep,  an<l 
irrigat*»s  50  acres  of  black  bottom  land,  wliieh  yields  .'{()  buslnds  of 
com,  1  bale  of  cottxin,  5  tons  of  cane,  and  280  bushels  of  swei^t  potji- 
roes  to  the  acre.  The  dam  is  of  ro<-k,  15(»  ft»et  long  and  0  f<M*t  high. 
About  one-fourth  mile  below  the  Burr  dam  is  the  dam  of  Mr.  Woo<ls. 
It  is  of  logs,  dirt,  and  brush,  50  feet  long  ami  2  feet  high.  The  12 
aeres  irrigated  pr<Kluce  tlu?  usual  yield  of  (M)rn,  cane,  and  jM>latoes, 

Jones  sysievifi, — K.  M.  Jon<»s,  at  Harks<Iale,  built  two  small  <lit<'h<*s 
in  18v»3.  TTie  upper  is  000  feet  hmg,  2  feet  wi<le,  ainl  1  fool  d<M»j>,  an<l 
irrigates  2  acres.  The  brush-and-dirt  dam  is  lo  U^vX  long  an<l  '»  feet 
high.  The  lower  ditch  is  of  the  same  lenglii  an<l  <limensions  and 
irrigates  the  same  amount  of  land  as  the  upper  ditch. 

ijhn.'i  system. — The  system  of  II.  Kims  is  near  Leakey,  on  ilie  Kio 
Frio.  It  was  constructed  in  1SU4,  and  consists  of  a  ditch  on  the  east 
side  of  the  rivtrr  U  miles  long,  4  t'e<»t  wide,  an<l  2  feet  deep.  Tlie  dam 
is  of  dirt  and  stone,  4:0  fe<*t  long  and  1  foot  high.  Foity  acres  of  corn, 
cottc>n,  and  sorghum  are  irrigate<l,  yielding  th(^  usual  <|nantities  I'or 
this  se<'tii>n. 

Patit  rsfni  sysit-ms. — About  4  miles  nort  heast.  of  Leakey  W.  !».  Pat- 
terson has  a  brush-and-stone  dam  across  the  Uio  Krio  l".  frri  long  and 
2  feet  high,  built  in  islMl.  This  sujiplies  a  ditch  2  miles  long,  with  a 
top  width  of  5  feet,  a  bottom  width  of  .')  feel,  and  a  depth  of  ;»  feet. 
It  was  first  used  in  1S1)7,  and  commands  .'>«"»  acres,  12.")  of  uhicli  have 
iK'cn  cultivated.  Near  Kiofrio,  jnst  across  the  line  in  Handera 
County,  is  the  Patterson  dit<'h,  owned  hy  a  company  conip(>srd  of 
rhj-ee  men.  It  was  constructed  in  isos,  is  2  miles  lon^^  ">  feet  wi(h», 
and  of  a  deptli  varying  from  '->  to  I  feet.  The  dam  is  of  hrnsh  and 
gravel, -50  feet  long  and  4  feet.  high.  The  soil  is  l>lar'k  and  sandy, 
and  under  irrigation  is  very  productive.     In  L'JUl   alxmt  Too  acres  of 
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cotton,  corn,  oatH,  and  garden  truck  were  irrigated.  The  yields  pi 
acre  were  1  bale  of  cotton,  45  bushels  of  com,  20  bushels  of  whett 
and  75  bushels  of  oats. 

Etheridge  system, — At  Montell,  on  the  Upper  Nueces,  Mr.  J.  I 
Etheridge  is  the  owner  and  operator  of  the  Casa  Blanca  Irrigation  an 
Mill  ditch,  which  was  constructed  in  1894;  it  is  2^  miles  long,  6  t^ 
wide,  7  feet  deep  for  the  first  half  mile,  and  from  2  to  3  feet  deep  ft 
the  next  2  miles.  Water  is  taken  from  Nueces  River  by  a  dam  < 
loose  rock,  whi<»h  raises  the  water  to  the  ditch.  The  dam  is  300  f» 
Icmg  and  from  2  to  3  feet  high.  The  soil  irrigated  is  rich  alluvial,  az 
corn  yields  40  bushels  and  cotton  three-fourths  of  a  bale  to  the  acr 
During  the  season  of  1901  this  ditch  irrigat'Cd  100  acres. 

Lnudrnm  system. — The  plant  of  William  Landrum  is  nearljagon 
The  source  of  supply  is  five  large  springs,  which  have  been  foroi 
into  on(^  by  means  of  dams.  The  dams  range  in  length  from  30 
100  fe<?t  and  in  height  up  to  0  feet.  Some  of  them  are  of  rock,  othe 
of  clay.  The  water  of  the  springs  is  forced  into  a  ditch  three-fourt 
of  a  mile  long,  4  feet  wi<le,  and  2  feet  deep,  and  is  capable  of  iirigs 
ing  more  than  100  acres,  although  only  30  acres  are  usually  irrigate 
The  system  was  constructed  in  1894  and  1895. 

KERR  COUNTY. 

In  Kerr  County,  on  the  headwaters  of  Guadalupe  River,  there  a 
a  few  small  plant.s.  That  of  Robert  Tedford,  near  the  post-office 
Japonica,  takes  its  water  from  Honey  Creek  by  means  of  a  loose-stoi 
dam  15  feet  long  and  2  feet  high.  The  ditch  is  900  feet  long,  1^  fe 
wide,  and  about  1  foot  in  depth,  and  irrigates  4  acres  of  tomatoe 
onions,  sweet  i)otatoes,  etc. 

The  i)lant  of  Silas  Welch,  near  the  post-office  of  Mountain  Horn 
takes  its  water  from  a  spring  by  means  of  a  rock  dam  40  feet  longai 
2i  feet  high.  The  ditch,  constructed  in  1901^  is  6,000  feet  long,  3  fe 
wide,  and  about.  1  foot  deep,  irrigating  8  acres  of  corn  and  gard^ 
truck. 

Kaiser  system, — W.  (-.  Kaiser  early  in  1902  installed  a  pump  pla 
a  mile  below  ^Mountain  Home,  on  the  left  bank  of  Johnson  Fork. 
10-h()rsei>ower  gasoline  engine  operating  a  centrifugal  pump  again 
a  lift  of  25  feet  irrigates  about  50  acres  in  the  ordinary  crops.     Th 
plant  paid  for  itself  in  one  season. 

Thrailkllt  system, — W.  F.  Thrailkill,  just  below  Mountain  Hoin 
irrigates  10  acres  from  Suiith  Branch,  a  tributary  of  Johnson  Fork 
the  (iuadalupe.     A  small  plank  dam  1  foot  high  deflectB  the  wat 
int<j  the  ditch. 

KIMBLE  AND  EDWARDS  COUNTIES. 

Irrigation  in  Kimbh*  County  is  chiefly  confined  to  the  valleys  of  t 
creeks  tributary  U)  Llano  River  and  its  two  branches,  the  North  Lla: 
and  the  South  Llano.  This  is  due  to  the  great  violence  of  the  riv 
during  high  stages  and  the  consequent  difficulty  of  building  dams  a] 


KncKu  ootnm.  48. 

t  dltohflS.    Cftpt.  C.  K.  OordoD's  is  the  only  plant  that 

I  its  water  direct  from  the   river,     Therpi  are  no  "company" 

\  in  tfae  county;   in  some  instances  two  or  three  men  have 

I  partneiships,  bat  all  the  plants  are  smali.     Few  of  them 

r  more  than  20  or  26  acres,  while  the  average  nunilier  of  acres 

i  Is  much  smaller.    There  are  tboasands  of  acres  lying  alon^ 

ilrinrand  its  larger  trlbatariea  t^at  might  be  irrigated  if  sufficient 

llwere  employed  to  succesafally  dam  the  river  and  utto  tlio  water 

■b  latf^  scale. 


FiO.  14. — Map  of  Kimble  County  IrrlKStlon  NyntivnH. 

The  following  brief  descriptions  u(  tho  plants  in  Kimble  t'mmty 
(see  Hg.  14)  begin  at  the  eastern  end  of  tlio  tounty  and  pi-ocecd  west- 
ward.   The  plants  are  descrilK-d  in  onier  <iowiiHti-oani. 

JOHNSOK   FORK    <)F    LLANO    KIVEK. 

The  first  stream  on  whicli  thera  are  iiTiKiLl  ion  iilants  is  the  JoluiHon 
Fork  of  the  Llano,  whicli  joiua  the  river  alien  t  5  niiles  below  Juuetlon 
(5ty.    There  are  four  plants  on  lliis  stn-jini,  iis  follows: 

Moos  system. — W.  ti,  Moos's  plant  is  three- fourths  of  ft  mile  from 
the  mouth  of  the  Joy  liranch,  a  small  tributaiy  of  the  Johnson  Fork, 
abont  11  miles  above  its  mouth.  It  takes  the  water  fr.-iii  the  right 
tank  of  the  Joy  Branch,  by  moans  of  an  earth-stoue-timl>er  dam  tH) 
feet  long  and  3  feet  high.  Tlieneo  the  water  is  conducted  along  the 
Hgkt  bank  about  200  yards,  and  then  is  flumed  to  the  left  bank.  The 
ditch  is  s  toarth  of  a  mile  Song,  I  foot  deep,  and  flowa  Ekt  an.  aVQtttS^ 

I 
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deptli  of  1  foot.  Eighteen  aeres  are  irrigated.  The  principal  crop 
corn,  whi<'h  pnMluees  alK>ut  :{0  busliels  to  the  acre.  Oat«,  wheat,  cam 
sweet  i)otatoes,  alfalfa,  and  ganlen  vegetables  are  also  grown.  Tl 
yield  of  oats  is  about  40  bushels  to  the  acre,  and  of  wheat  about: 
bushels.  The  cost  of  tht»  dam  was  S25,  of  the  ditch  $25.  The  dai 
was  fii"st  built  ])y  John  Joy,  prior  to  1879. 

KenihitUl  sysfefN. — V.  J.  Renibold's  X)lant  is  a  little  more  than  a  ha 
mile  Ih»1ow  the  one  ju.st  (lescrilxMl,  and  is  also  on  the  Joy  Branch, 
was  built  by  John  Joy,  prior  to  1870.  The  dam  is  60  feet  long,  ( 
rock  and  gravtd,  and  raisins  the  water  about  1  foot.  The  ditch  is  3( 
yards  long,  li  f<»et  wi<h»,  and  flows  at  a  depth  of  18  inches.  I-Ast  yei 
(liK)l)  Mr.  RiMnbold  irrigates!  only  3  or  4  acres,  but  there  are  ( 
acH's  of  cultivated  land  within  reach  of  the  ditch.  As  many  as: 
acres  have  Imhmi  irrigateil  within  recent  years.  Besides  a  garden  tl 
crop  consists  solely  of  Johnson  grass.  The  cost  of  the  dam  was  abo 
810,  of  the  ditch  875. 

JjOitfj  ,s?/.s// ///. — A.  B.  Long's  plant  is  about  4  miles  farther  do^ 
the  Johnson  Fork.  The  water  is  raised  3^  feet  by  means  of  a  75-fc 
timber  dam,  consisting  of  upright  timlwi's  held  in  place  by  eed 
posts  and  filled  above  with  stones,  gravel,  and  earth.  Power 
obtained  bv  means  of  an  un<lershot  water  wheel  8  feet  in  diame^ 
and  A  feet  long,  o[)erating  two  r»-inch  force  pumps  of  the  walkii 
beam  pattern,  which  rais<*  the  water  40  feet,  through  100  feet  of  5-ir 
iron  pipe,  to  a  flume.  The  flume  conveys  the  water  100  feet,  U 
ditch  l.V  feet  wide,  which  carries  it  GOO  feet  farther,  or  to  the  fie 
Only  5  acres  are  irrigated,  and* only  vegetables  and  fruits  will 
grown.  It  is  inten'sting  to  note  that  an  experiment  Ls  l)eing  mi 
with  strawlM.MTi<*s.  The  cost  of  the  dam  was  ^SoO,  of  the  flume  s 
ditch  8r)4,  of  the  pijx'  *ino,  of  the  pumps  $3G,  of  the  wheel  $100,  m, 
ing  a  total  of  *:M0.  The  plant  was  constructed  about  1808.  T 
plant  was  recently  sold  to  J.  1>.  Bullard. 

Oti'f  ns  sfjsffni.  —  Kight  miles  from  Junction  City  \V.  J.  Owens  oi 
ates  a  small   i)umj>  j>lant,   on   the  left  bank  of  Johnson  Fork  of 
IJano.     A  lii-horsepower  steam  engine  operat(\s  a  3^-inch  centri 
gal  puiu})  against    a  small  lift    and  irrigates  a  ganien.     This  co 
easily  be  made  to  bring  -00  acres  under  irrigation. 

Anusironij  st/.sffin. — O.  U.  Armstrong's  plant  is  on  the  Johnj 
Fork,  about  'M  miles  above  its  mouth.  l>v  means  of  a  dam  S(j  f 
long  th(^  water  is  raise<l  .*).}  fe<'t.  A  race  Sf)  <*hains  long  c<mducts  it 
a  lo.V-inch  turbine,  wiil<*li  oi)erat<»s  a  No.  4  submerged  centrifu 
pump.  Tlu»  pump  raises  the  water  i^)  feet,  at  the  rate  of  r»()0  gall< 
a  minute  (li  secon<l-feet).  A  reservoir  4. \  feet  d(H^p,  scrai>ed  out 
the  earth,  and  covering  1  acre,  hmmmvcs  tin^  water  and  distribute 
to  the  field  through  a  ditch  a  half  mile  long.  Sixty-five  acres  of  bh 
loam  are  iirigat<*d.  The  crop  consists  soh^ly  of  alfalfa,  which 
grown  for  home  use.     The  cost  of  th<?  entire  plant  was  Ji5l,200. 
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CSDAB  CBE8K. 

Oedftr  Greek,  whioh  flows  into  the  South  Llano  about  1  mile  soath- 

of  Junction  City,  furnishes  water  for  four  plants,  as  follows: 

ABm  A  KeOey  systems. — J.  A.  Allen  and  W.  H.  Kelley  own  the 

plant  in  partnership.    It  was  constructed  by  J.  11.  Clements,  and 

eompleted  in  1897.    The  ditch  is  three-fourths  of  a  mile  long, 

it  3  feet  wide,  and  the  water  flows  at  an  average  depth  of  10 

;iidhfi8.    It  takes  water  from  one  of  the  head  springs  of  O'dar  Creek, 

means  of  a  very  simple  dam  of  earth,  logs,  and  stone.     The  dam 

about  18  feet  long  and  2^  or  3  feet  high.     Immediately  on  leaving 

dam  the  water  is  flumed  across  Cedar  Creek,  to  the  right  bank, 

MNm  branches.     One  of  the  branches  is  flumed  across  the  creiek, 

M  after  watering  a  small  field  is  allowed  to  return  to  the  creek. 

otber  branch,  at  the  point  of  separation,  is  flumed  across  a  small 

imr,  and  after  watering  several  small  fields  empties  into  the  main 

itteh.   Twenty  acres  oi  black  soil  are  iiTigated,  usually  planted  in 

Mn,  oats,  wheat,  and  cane.    The  yield  of  corn  is  about  40  bushels 

to  the  acre,  of  oats  60  bushels,  and  of  wheat  23  bushels.     The  dam 

k  about  5  miles  above  Junction  City. 

J.  A.  Allen  and  £.  F.  Kelley  own  the  next  plant,  which  is  about  a 

bdf  mile  below  the  one  just  described.    This  was  the  first  dam  built 

ttthecieek,  being  constructed  about  1892.    It  is  60  feet  long  and  is 

■ade  of  stone  to  a  height  of  4  feet.    The  ditch  is  three-fourths  of  a 

Bile  long  and  3  feet  wide,  and  carries  a  stream  al>out  10  inches  deep. 

The  water  is  taken  from  the  right  bank  of  the  creek  al)out  a  half  mile 

below  the  plant  just  described,  waters  a  small  field,  is  flumed  across 

the  creek  and  waters  a  second  field,  is  again  fliinuMl  to  the  right  bank, 

and  after  watering  a  few  acres  is  once  more  carried  lo  the  left  bank 

and  the  remaining  water  is  distributed  through  th(^  largest  of  the 

fields  helonging  to  the  system.     The  large  amount  of  fluniing  in  this 

and  the  J.  A.  Allen  and  W.  II.  Kelley  i)lant  is  made  necessary  by  the 

8harp  bends  of  the  creek  and  by  the  precipitous  blulTs.     Thirty-three 

•cresare  irrigated,  8  acres  l)elong:ug  to  Mi*.  Allen  and  25  acres  to  Mr. 

KeDey.    Corn  and  wlieat  are  the  chief  crops. 

Jarvis  &  Hodges  sijsfevi, — R.  L.  Jarvis  and  G.  W.  Hodges  own  the 
next  plant,  which  is  about  1^  miles  downstream.  The  dam,  which  has 
just  been  replaced,  consists  of  walnnt-log  pens  securely  bolted  together 
and  filled  with  stones.  There  are  seven  sections  in  f(u>t  long  and  two 
sections  8  feet  long,  all  6  feet  wide.  The  upstream  side  is  filled  with 
gmvel.  The  dam  is  8G  feet  long  and  4  feel  high.  The  ditch  is  80 
chains  long,  3  feet  wide,  and  carries  G  inches  of  water.  It  emerges 
on  the  right  bank  of  the  stream  and  continues  on  that  side.  Korty- 
four  acres  are  iiTigated,  lU  belonging  to  Jarvis,  an<l  lying  nearest  the 
^am,  and  25  belonging  to  Hodges.  The  crops  are  corn,  potatoes, 
vheat,  and  oats — chiefly  corn,  which  yields  al)out  40  bushels  to  the 


46  IRRIGATION    SYSTEMS    OF   TEXAS.  [No.n. 

acre.     The  cost  of  the  dam  was  $40;  the  expense  of  maintaining  is 
about  $40  a  year. 

Taylor  system, — W,  W.  Taylor's  plant  is  just  al>ove  the  mouth  of 
Cedar  Creek.  The  dam  is  60  feet  long  and  3  feet  high,  built  log-pen 
style,  and  filled  with  stones  and  earth.  The  ditch  is  2  miles  long,  2^ 
feet  wide,  and  carries  8  inches  of  water.  It  is  on  the  left  bank  of 
Cedar  Crec^k.  It  divides  about  600  j'^ards  after  leaving  the  creek,  and 
one  branch  is  flumed  75  yards,  to  the  right  side,  where  it  waters  the 
smaller  field.  Seven  acres  are  irrigated.  The  crops  are  chiefly  corn 
and  potatoes.  A  garden  is  also  watered.  The  cost  of  the  dam  was 
$25;  the  cost  of  the  ditch,  $300.  The  plant  was  constructed  by  Z.  I., 
J.  B.,  and  J.  A.  Williams,  about  1806. 

BAILEY   CREfiK. 

Jenson  system. — On  Bailey  Creek,  which  flows  into  the  South  Llano 
about  10  miles  above  Junction  City,  is  W.  J.  Jenson's  plant.  There 
is  no  dam,  the  water  being  taken  direct  from  a  spring  on  the  left  bank 
of  the  creek  and  carried  in  a  flume  across  the  creek  and  for  about  350 
yards  along  the  left  bank,  where  it  divides.  One  branch  is  carried  to 
a  field  on  the  right  bank  and  the  other  across  the  creek  again,  in  a  3^ 
inch  iron  pipe*,  and  waters  a  field  on  the  left  bank.  Only  4  or  5  acres 
are  irrigated.  Cane,  corn,  sweet  potatoes,  and  garden  vegetables  are 
grown.  The  flume  carries  al)out  40  gallons  a  minute  (one-tenth  of  a 
second-foot).     The  total  cost  of  the  plant  was  $100. 

KYAC    (CAJAC)    C:REKK. 

Kyac  (or  Cajar)  Creek,  which  flows  into  the  South  Llano  from  the 
left  side,  is  the  next  stream  that  is  used  for  irrigation.  Four  systems 
take  water  from  this  creek,  as  follows: 

Dujmy  system. — Maj.  li.  T.  Dupuy's  plant  is  al)Out  2  miles  from  the 
mouth  of  tlie  creek.  There  is  no  dam.  The  water  is  taken  from  a 
spring  on  the  left  bank  of  the  creek,  is  flumed  to  the  right  bank,  and 
is  then  carried  by  a  3-inch  pipe  to  the  field  about  500  yards  below. 
Seven  acres  are  irrigated.  The  crops  ar(>  oat^s  and  cane;  a  garden  is 
also  watered.  Thc^  cost  of  the  ditch  was  $30.  The  plant  was  con- 
structed ai)ont  1883. 

Griffltli  systetn. — S.  A.  Grilflth's  plant  is  about  a  half  mile  below  the 
Dupn y  plant .  A  lumber  dam  50  feet  long  raises  the  water  2  feet.  The 
ditch  is  a  half  inih*  long,  2  feet  wide,  an<l  carries  water  to  a  depth  of 
i)  inches.  The  water  is  taken  from  the  right  bank  of  the  creek,  but  is 
soon  flumed  to  the  left  bank,  where  it  waters  two  small  fields  of  12  and 
4  acres,  resp(»ctiv(»ly.  The  crops  are  chiefly  wheat,  corn,  and  vege- 
tables. It  is  int(M'estin,ir  to  not*'  that  ribbon  cane  is  successfully  grown 
on  a  small  seale.  A  yi(»l<l  of  iM)()  gallons  was  raised  from  half  an  acre. 
This  crop  sells  at  M)  eents  a  gallon.     The  cost  of  the  <lam  was  i>26;  the 
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liktoh  MW.    Tb»  ptaDt  «■>  opnstmetod  by  Q.  Lowe  Id  the 

'.  L.  BUihop*s  plant  ia  a  half  mile  below  Griffith's. 
P  ihia  is  of  stone,  earth,  and  bmsh,  40  feet  long  and  18  incheg  high. 
h  dii«ii  is  a  half  mile  long,  8  feet  wide,  and  carriefi  a  Btream  6  inches 
Vdrpih,   The  water  is  taken  from  the  right  bank  of  the  creek. 
sal  600  faids  below  the  dam  the  ditch  branches,  one  branch  water- 
btro  MAm  near  the  point  of  separation,  the  other  branch  being 
d  106  feet  across  to  the  left  bank,  where  it  waters  a  third  field. 
a  aana  of  black  loam  are  irrigated.    The  crops  are  sweet  peta- 
ls corn,  Mto,  millet,  ribbon  cane,  and  cotton.     The  noticeable  fea- 
isAbont  this  plant  is  that  li  acres  were  planted  in  cotton  last  year 
iaDe-Conrtii  of  an  acre  In  ribbon  cane,  unusual  crops  in  thin  county. 
Wli  seres  of  mtton  prodnced  one  bale;  the  yield  of  the  cane  was 
le  Ntme  as  on  Griffltb's  farm.     The  cost  of  the  dam  was  $10; 
Itcoet  of  the  ditch  (150. 

enliiie  gystem. — F.  L.  Calentiue's  plant  (on  Mra.  Wooten's  farm) 

it  Qui  month  of  Eyac  Creek.    The  dam,  which  ia  of  logH,  stone,  and 

10  feet  long  imd  I^  feet  high,    llie  ditch  is  ono-fourth  of  a 

tthng,  2^  feet  wide,  and  carries  a  stream  S  inches  deep.     The  wat«r 

1  from  the  right  bank  of  the  creek,  is  ftumed  120  feet,  to  the 

kbsnk,  and  distributed  to  a  field  which  lies  along  the  South  Llano. 

y-flve  acres  are  irrigated,  though  100  acres  conld  with  little 

■able  b))  pat  under  the  ditch.     The  chief  crop  is  corn,  115  or  40 

hels  of  which  were  raised  in  1900  on  the  irrigated  lanfl  of  thihi 

1,  while  only  15  or  16  bushels  were  raised  on  the  nonirrifiuted  Iniid. 

becostofthe  damwas^;  the  cost  of  the  dlTi-h  ^KXi.     Tlic  mystt^m 

H  constructed  in  the  eighties. 

PLBHHING  BKANCH. 
Flemming  system. — ().  B.  Flemming's  plant,  i^  on  the  Fleiimiiiitr 
Branch,  a  short  distance  atwvethe  confluence  of  that  stream  with  the 
SoDth  Llano  and  about  15  miles  hI>ovo  Jiiuction  City.  Ilis  lar^'st 
Celd  lies  along  the  Llano.  The  dam,  whtc^h  is  of  cai'th,  lops,  ami 
•tooeo,  is  20  feet  long  and  raises  the  wat«r  1  font.  Thedilch  is  a  half 
mile  long,  2  feet  wide,  and  flows  to  an  average  dcptli  nf  li  inches. 
TTie  water  is  taken  from  the  right  bank  of  the  stream,  is  convoyed 
about  300  yards  along  the  right  bank,  anil  then  the  ditch  ilivideH,  one 
stream  being  flnmed  across  to  the  left  luiitk,  where  it  watei-s  a  field  of 
5  acres,  the  other  stream  irrigatinjr  a  field  of  'M^  iit-ivs.  The  erops  are 
corn,  oats,  cane,  alfalfa,  and  a  s^^len.  The  cost  uf  the  dam  was 
trivial;  the  cost  of  the  ditch  was  f  7-^.  The  plant  was  const  meted  in 
1890. 

LITTLK   I'AIST  CHEEK. 

Dcmyherlj/  system. — The  next   [ilanl  in  this  vieinily  is  on  what  is 
known   as  the  A.  H.  D.  Dougherty  place,  at  pi-esent  (1!IU2)  uixmpied 
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by  G.  F.  Wood.  An  earth-and-stone  dam  50  feet  long  raises  the  wall 
1  foot.  Then  ditcjh  is  three-fourths  of  a  mile  long,  2  feet  wide,  an 
carries  a  flow  0  inches  deep.  The  water  is  taken  from  the  east  ban 
of  Little  Paint  Creek,  whioh  flows  into  the  South  Llano  from  the  1» 
bank,  about  1^  miles  above  its  confluence  with  the  South  Llano, 
large  tank,  (?onstructeil  by  throwing  up  embankments  of  earth,  afforc 
a  storage  reservoir  100  feet  long,  20  feet  wide,  and  2i  feet  deo] 
Twenty-five  acres  are  irrigated.  The  chief  crop  has  been  com,  whic 
yields  50  bushels  to  the  acre.  Twenty  acres  of  cotton  are  to  be  plantc 
in  1001 .     The  cost  of  the  dam  was  small ;  the  cost  of  the  ditch  was  $15 

SOUTH  LLANO   RIVER. 

Baldwin  system, — J.  A.  Baldwin  has  two  small  plants  on  the  le 
bank  of  the  South  Llano,  alxiut  13  miles  above  Junction  City.  Oi 
of  these  plants  makes  use  of  a  spring  and  has  no  dam  and  no  ditc' 
A  one-half-acre  garden  is  irrigated.  The  other  plant  has  a  dam  '. 
feet  long  across  a  small  spring  branch  which  raises  the  water  1  foe 
There  are  100  yartls  of  ditch  1  foot  deep.  Two  acres  of  cane  and  eoi 
are  irrigated.     The  cost  of  the  dam  and  diteh  was  trifling. 

Hun{/er  sysiein. — T.  Hunger  has  a  small  plant  on  the  Ford  Hollc 
Spring,  a  short,  distance  from  the  South  Llano  and  alK)ut  13  mil 
from  .T unction  City.  The  water  is  taken  directly  from  the  sprin 
and  is  conveyed  1,150  feet,  in  a  flume,  to  the  garden  irrigated.  Tl 
flow  is  about  15  gallons  a  minute.  A  1-acre  garden  is  irrigate 
from  which  Mr.  Hung(»r  derives  a  profit  of  about  1250  a  year.  Tl 
flume  cost  $75.     The  plant  was  ccmstructed  in  1896. 

Titijlor  sfj.sfehi. — T.  0.  Taylor's  plant  is  17  miles  above  Junction  Ci 
on  the  South  Llano,  though  it  does  not  take  its  water  from  the  rive 
It  is  tlie  last  plant  in  KimbU*  County  on  the  South  Llano.  The  dai 
wiiich  is  of  stone,  is  5  or  (J  feet  long  and  raises  the  water  about 
inch(»s.  The  wat^M-  is  taken  from  tli(»  Christmas  Spring,  on  the  le 
bank  of  the  South  Llano,  and  is  carried  under  the  river  to  the  rig 
bank  in  an  iron  pip(^  300  fc^et  long,  and  thence  to  the  ditch  throu| 
l,3i?0  f<»et  of  8-inch  s(*w(»r  pipe.  The  ditch  distributes  it  immediate 
to  two  fields  of  14  aud  11  acres,  respectively.  The  principal  cro; 
grown  are  corn  and  eane,  which  are  used  at  home  for  feed.  The  co: 
yields  40  bushels  an  acre.  The  cost  of  the  dam  was  trivial;  the  co 
of  the  iron  pipe,  ^225;  the  sewer  i)ipe,  $331.  The  plant  was  co 
struetod  about  1802.  lentil  the  spring  of  1901  Mr.  Taylor  used  a  flun 
instead  of  the  8-inch  sewer  pipe. 

Hart'fif  dr  Stepliethson  sysfenj, — C.  C.  Barrett  and  \V.  M.  Stephens^ 
own  a  plant  about  24  miles  above  Taylor's  plant,  just  described, 
Kdwanls   County,    about   2  miles   across   th(»   Kimble   County  lin 
There  is  no  dam,  tlie  water  being  taken  directly  from  a  number 
beautiful  springs  which  issue  fnmi  the  bluflf  cm  the  left  side  of  tl 
South  Llano.     As  a  rule  the  bluff  is  too  precipitous  toi)ermit  the  co 
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of  a  diteb,  henoe  tbe  water  is  carried  In  a  flume  a  large  por- 

(t  Vbe  distance  to  tKe  field,  a  tract  of  201  acrcH  about  1  mile  down 

liTer.    The  jirineipal  crops  are  com,  wheat,  and  cane.    The  cost 

fhe  flume  and  ditch  was  $200.    It  was  constructed  about  189(ll. 

Cum  has  only  recently  been  purchased  by  Messrs.  Barrett  and 

and  is  generally  known  as  the  Black  Place.    The  present 

intend  to  construct  a  new  plant  this  summer  (1901).    They 

to  build  a  i-foot  dam  across  the  Llano  and  use  an  8-foot  by 

4M  water  wheel  for  power.    This  will  operate  an  elevator  pump 

Tiise  the  water.    Twenty-eight  acres  will  be  irrigated. 

Huffman  sysiem. — One  mile  above  Barrett's,  on  the  South  Llano,  in 

[Uvuds  Ck>unty,  is  the  plant  of  M.  Huffman.    There  is  no  dam.    The 

is  taken  from  a  spring  on  the  left  bank  of  the  river.     The  ditch 

300  yards  long,  2  feet  wide,  and  carries  a  stream  1  foot  in  depth. 

acres  are  irrigated.     Com  is  the  solo  crop.     The  yield  is  40  or 

bushels  to  the  acre.    The  cost  of  the  ditch  was  #75.     It  was  con- 

[taeted  by  Henry  Baldwin  about  1895. 

BEAR  CREEK. 

There  are  several  plants  on  Bear  Creek,  a  tributary  of  the  South 
as  follows: 

BcUsystem, — The  flrst  plant  in  order  coming  down  East  Bear  Creek 
'MongBto  Fred  S.  Hall.  It  is  about  13^  miles  above  Junction  City. 
The  water  is  raised  4  feet  by  means  of  a  timber  dam,  conHisting  of 
ipright  timbers  held  in  place  by  cedar  posts  and  filled  with  earth  on 
^  upper  side.  Below  the  dam  the  water  falls  on  a  cushion  of  cedar 
fcgs  arranged  parallel  to  the  course  of  the  stream.  The  ditch  is  a  half 
Bile  long  and  3  feet  wide.  The  water  flows  about  9  inches  deep,  and 
irrigates  a  field  of  sandy  loam  containing  about  9  acres.  Last  year 
(1900)  the  following  crops  wore  raised :  Alfalfa  and  oats,  3  acres;  gar- 
fcn,  1  acre;  orchard,  2  acres;  Ijermiida  jjcrass,  1.J  acres;  sweet  pota- 
tow,  2  acres.  The  sweet  iK)tatoes  yielded  3()0  bushels  to  the  acre,  and 
*epe  Bold  on  the  spot  at  50  cents  a  bushel.  The  plant  is  now  being 
«»larged  and  will  be  finished  in  time  to  irrigate  the  1901  crop.  About 
MOyards  below  the  dam  is  a  branch  ditx*h,  which  will  be  carried  across 
tte  creek  by  means  of  475 "feet  of  10-inch  drain  pipe  laid  under  the 
owk.  This  will  enable  him  to  irrigate  a  field  of  20  acres  on  the  left 
Ale  of  the  creek.  The  cost  of  the  dam  was  $150;  of  the  old  ditch, 
Woo,  and  of  piping  and  new  ditch,  *150.  TIk^  x^l^^t  was  constructed 
in  1895. 

Reid  system, — J.  H.  Reid's  plant  is  on  West  Bear  Creek,  about  16 
n»ile«  above  Junction  City.  The  water  is  raised  18  inches  by  means 
^^f  a  common  earth  dam  abont  25  feet  lon^.  It  is  then  carried,  at  a 
depth  of  4  inches,  through  a  ditch  12  inches  wide  and  a  half  mile  long 
^  ft  small  field  of  8  acres  (in  two  pat<;hes).  The  crops  raised  in  1900 
were  corn,  2^  acres;  sorghum,  2^  acres;  potatoes,  onions,  etc.     The 
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cost  of  th(?  (lam  was  probably  not  more  than  $5;  of  the  ditch,  about 
$50.     The  ditch  is  on  the  rijjfht  bank  of  the  stream. 

Z>.  L,  Stewart  system, — D.  L.  Stewart's  dam  is  about  1  mile  below 
Reid's.  It  was  built  in  the  eighties  by  John  T.  Mayes.  It  is  100  feet 
long  and  3  feet  high,  and  is  made  of  earth  and  logs.  The  ditch  is  1 
mile  long,  18  inches  wide,  and  carries  the  watt^r  to  a  depth  of  7  inches. 
Th(»  water  is  taken  out  of  West  Bear  Creek,  and  is  cArrie<l  along  the 
right  bank  for  about  4fK)  yards,  when  it  is  flumed  across  to  the  left 
bank.  The  lield  irrigated  is  mostly  black  loam,  and  contains  30 
acres.     The  cost  of  the  dam  was  $50;  of  the  ditch,  $150. 

Morales  system. — M.  Morales's  plant  is  on  the  left  bank  of  West 
Hear  Creek  and  is  about  2  miles  below  that  of  D.  L.  Stewart.  The 
dam  is  of  stone  and  earth  150  feet  long  and  3  feet  high.  The  ditch  is 
al)out  2  feet  wide  and  three-fourths  of  a  mile  long.  This  is  one  of  the 
best  as  well  as  one  of  the  most  expensive  ditches  in  Kimble  County. 
Along  part  of  its  couree  it  is  walled  with  stone.  Most  of  the  remain- 
der runs  through  a  cut  which  averages  al)Out  5  feet  in  depth.  The 
field  irrigated  contains  10  acres.  The  cost  of  the  dam  was  $1(K);  of 
the  ditch,  $175.     The  plant  was  constructed  in  1899. 

"  X/.  C,  j)asture''  system, — About  a  half  mile  belowthe  Morales  plant, 
and  on  the  same  stream,  is  the  dam  belonging  to  the  *'  L.  C.  pasture," 
at  present  owned  by  G.  D.  Tarlton,  of  Hillsboro.  It  was  constructod 
in  the  seventies,  and  is  probably  the  oldest  plant  in  the  county.  It 
is  of  earth,  about  80  feet  long  and  2^  feet  high.  The  ditch  is  3  feet 
wide,  a  half  mile  long,  and  flows  perhaps  800  gallons  of  water  a  min- 
ute (nearly  2  second-feet).  It  is  carried  along  the  left  bank  of  the 
stream.  The  field  of  about  8  aci*es  is  used  to  raise  alfalfa  for  the  use 
of  the  ranch.  A  branch  ditch  also  irrigates  a  small  garden.  The 
cost  of  the  dam  was  al)out  $30;  of  the  ditch,  about  $40. 

Alec,  Steirart  system. — Alec.  Stewart's  plant  is  just  belowthe  junc- 
tion of  East  and  W(»st.  Hear  creeks.  It  is  2  miles  below  F,  S.  Hall's 
and  1 J  miles  below  the  "  L.  C.  pasture  "  dam.  The  dam  is  similar  tyo 
that  of  F.  S.  Hall,  already  described.  It  is  250  f(»et  long  and  3  feet 
high.  The  ditch  is  1 ,000  yards  long  and  3  feet  wide,  and  carries  water 
to  a  depth  of  12  inches.  One  hundred  yards  of  the  ditch  is  carried 
through  a  cut  4  feet  deep.  This  is  a  new  plant,  having  been  con- 
structed during  the  present  spring  (1901).  The  field  irrigated,  wiiich 
contains  15  acres,  is  on  the  right  bank  of  tlie  creek.  The  cost  of  the 
dam  was  about  $150;  of  the  ditcli,  about  $100. 

Memje  system. — William  Menge\s  plant  is  on  Walnut  Ci'cek,  a 
tributary  of  West  Uear  Creek.  It  is  about  a  half  mile  southwest  of 
the  (lam  of  I).  L.  Stewart,  and  is  a  very  small  plant.  The  dam  is  150 
yards  long  and  12  inches  wide,  and  fiows  al)out  50  gallons  a  minut<*. 
The  field  irrigated  is  a  1-acre  truck  patch. 

(rordnti  .system. — Capt.  C.  K.  Gordon's  plant  is  on  the  Xorth  Llano, 
10  miles  above  Junction  City.     The  water  is  lifted  bv  means  of  a  No. 
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T  oeiitrif ngal  pmnp,  opemted  by  a  15-honepower  Hteam  engine.    The 

Bft  is  35  feet,  10  feet  of  which  is  by  suction.    Woocl  is  used  for  fuel 

nd  coBliB  practioally  nothing,  as  a  quantity  of  driftwood  is  always  on 

ktad  near  the  pamp.    The  capacity  of  the  pump  with  tlie  present 

mfOkb  is  1,250  gallons  a  minute.    There  is  no  ditch.     The  water  is 

dittliaiged  into  a  flume,  by  which  it  is  carried  1,250  feet  to  tlie  upper 

■de  of  the  field,  crossing  a  road  by  means  of  an  underground  siphon. 

Between  the  road  and  the  pump  the  flume  is  20  inches  by  12  inches, 

nd  is  iMutially  lined  with  zinc.     Below  the  flume  is  20  inches  by  6 

iadifls.   No  reservoir  is  used  or  needed,    llie  plant  is  Hufiiclen tly  large 

toirrigate 80  acres,  but  the  field  actually  irrigated  contains  only  35  acres 

ifUaek  loam,  with  gravel  subsoil.    The  crops  raised  are  principally 

mi  and  alfalfa,  which  are  used  on  the  ranch.    The  average  yield  of 

wn  is  50  bushels.     The  cost  of  the  engine  and  pump  was  1(800;  of 

f|fte  house  and  appurtenances,  $400;  of  the  flume,  $G(K);  tot^il  (M)st, 

UiMX).    The  plant  requires  1^  cords  of  driftwood  to  operate  it  one 

dty.    The  wood  is  picked  up  near  by.     One  engineer  is  nM^uired. 

A  sawmill  and  a  gristmill  are  also  run  by  the  engine. 

Pnbabie  systems. — ^The  flow  of  the  South  Llano  at  low  ordinary 
itagM  is  90  second-feet  near  Junction  City.  A  dam  could  be  put  in 
10  Biles  above  Junction  City,  and  by  bringing  the  ditch  aUmg  the 
foot  Idlls  a  mUe  west  of  the  town  and  by  taking  it  across  the  NoHh 
Uinoby  a  finme  or  inverted  siphon  5,000  to  6,000  acres  could  be  irri- 
pM.  In  fact,  the  Ragsdale  system  did  take  out  a  ditch  4  miles 
tbore  Junction  City;  but  the  dam  was  washed  away  some  ycarH  ago, 
widithas  never  been  rebuilt.  It  would  also  be  possible  to  put  in  a 
system  below  the  town  by  taking  a  ditch  out  on  tho  nortli  side  of  the 
main  Llano.  Any  system  put  in  will  have  to  bo  very  substantial,  as 
the  Llano  is  torrential  at  times. 

SYSTEMS  AT  SAN  ANTONIO  AND  VH'INITV. 

The  irrigation  ditches  at  San  Antonio  arc  liistorieally  tho  most 
^J  interesting  in  the  State,  for  here  are  found  tho  oldost  systoms  and 
stnictures,  which  have  been  in  use  more  than  a  eontury.  Addi- 
^1  tional  interest  is  derived  from  the  association  of  1  he  ditches  with  the 
^ly  missions  and  with  the  efforts  of  the  Franciscan  fatlu»rs  to  settle 
the  Indians  upon  these  lands  and  enjj^a;^o  thcMu  in  aj^riculturo.  These 
•Jitches  traverse  the  city,  often  concealed  by  buildinjj^s  and  sidewalks. 

MISSION  AND  NEIGHBORING  DITCHES. 

The  original  mission  ditches,  built  by  tlie  FraiKMscan  fathers 
l^tween  the  years  1716  and  1744,  are  the  Con(*epcion,  tho  Alamo 
iUdre,  the  San  Jose,  the  San  Juan,  an<l  the  Espa<la,  all  dujir  to  sup- 
ply the  lands  l>elonging  to  tho  respective  missions,  fii  addition  to 
these  mission  ditches,  there  was  one,  the  San  Pedro,  which  supplied 
^ater  to  the  Villa  Capital  de  la  San  Fernando,  settled  in  1730  by  the 
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iinini^ranls  from  tlio  raimry  Islands,  and  one  built  much  lalor  than 
any  of  Iho  others,  luuler  the  8Ui)erlntendence  of  the  govenior,  Harou 
]^i])jH»r<la,  for  the  supply  of  the  citizens  of  the  town,  and  called  the 
Upper  Labor  ditcli. 

UPPER  LABOR  DITCH. 

HejjTinning  at  the  head  of  San  Antonio  River,  the  most  recent  of  the 
Spanish  ditches — the  Ui)ix>r  Labor — is  the  first  encountered.  It  was 
begun  in  177G,  under  the  |?eneral  direction  of  the  royal  governor,  and 
was  ready  for  use  in  1778,  care  having  Ix^en  taken  that  there  should  be 
no  infringeni<»nt  of  the  prior  rights  of  the  five  missions  and  the  Canary 
Island  settlers.  The  ditch  took  its  water  from  one  of  the  large  springs 
at  th(»  head  of  the  river  bv  means  of  a  loose  rock  dam.  It  follo^-s 
the  contour  of  the  land  on  the  west  side  of  the  river  and  ends  in  San 
Pedro  C'r(»ek.  It  once  (»onimanded  about  600  acres,  but  is  now  out 
of  use.  In  1877  the  city  re])laced  the  old  loose  rock  dam  by  one  of 
masonry,  and  built  an  extension  to  the  ditch,  called  the  Alazan 
branch.  T\w  latter  was  abandoned  in  189G,  because  residences  were 
built  on  the  land  irrigated. 

ALAMO   MADRE  DITCH. 

The  Alanu)  Madre  ditch,  built  between  1718  and  1744  to  supply 
water  to  t  he*  Alamo  Mission  and  irrigate  its  lands,  derived  water  from 
the  river  on  the  east  side  just  opposite  the  .Upper  Labor  ditcli,  by 
means  of  a  low  dam.  The  ditch  follows  the  contour  of  the  land  and 
runs  through  tlie  business  part  of  the  city.  Its  length  is  C  miles.  It 
irrigattnl  about  Ooo  acres,  but  is  now  closed. 

SAN   PEDRO   DITCH. 

San  P(Hlro  ditch  was  commenced  in  1738  and  furnisheil  water  to  the 
Villa  (le  lu  San  Fernando,  the  i)arisli  cliurch  of  which,  now  called  San 
Fernando  Cath(Klral,  is  the  geographic*  center  of  San  Antonio.  The 
water  for  the  ditch,  taken  from  the  pool  in  San  Pedro  Park,  follows 
the  (»ast  side  of  the  creek  and  i*uns  tlirough  the  center  of  the  city, 
irrigating  500  acres  of  land  below  the  town.  Its  length  is  about 
4  mil(»s,  and  it  is  '2  fec^t  deep  and  (5  feet  wide.  The  management  of 
the  foregoing  ditches  long  since  passinl  out  of  the  hands  of  the  land- 
owners and  into  tliose  of  the  city  authorities  and  is  now  intrusted  to 
a  \»itch  conimission<M*  ap])ointed  by  the  nuiyor.  The  annual  water 
rent  is  ^"2  an  acre. 

CONCKPCION   DIT(^H. 

The  next,  ditch  of  importance*  is  the  Concepcion,  built  in  1729  and 
abandoned  in  18(11).  aft(»r  Innng  in  use  one  hundnsl  and  forty  years. 
It  was  discardcMl  on  account  of  the  dam,  which  was  in  the  center  of 
the  city,  causing  mucli  damage  from  overflow  when  there  was  a  ri.se 
in  the  river.  This  <litch  was  constructed  to  furnish  water  to  the 
Mission  d<'  la  Concepclon  and  was  the  largest  of  the  old  ditches. 
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aAN  JOSB  DITCH. 

The  San  Jose  ditch  was  built  about  1720  to  supply  water  to  and 
ifrigate  the  lands  of  the  mission  of  that  name,  5  miles  below  the  town. 
The  water  was  taken  from  the  west  side  of  San  Antonio  River,  about 
Smiles  above  the  mission,  and  was  returned  to  the  river  about  1  mile 
bdow.    This  ditch  was  abandoned  about  1860. 

SAN  JUAN  DITCH. 

The  San  Juan  ditch  tajM  the  river  on  the  east  side  opposite  the 
Mission  San  Jose.  It  follows  the  contour  of  tlie  land  and  earries 
water  down  to  the  San  Juan  Mission.  It  was  built  in  1731  and  is  still 
in  use.     It  irrigates  more  than  450  acres  of  land. 

ESPADA  DrrcH. 

The  Espada  is  the  lowest  ditch  taken  from  San  Antonio  River, 
though  one  of  the  oldest.  The  Spanish  Government  constructed  it  in 
1824  and  settled  families  on  the  land  covered,  assigning  to  each  about 
12  acres,  known  as  suertes  (swerties)  and  supposed  to  be  tlio  amount 
of  land  that  could  be  irrigated  from  tlie  ditch  in  one  day.  The  ditch 
takes  its  water  from  the  west  side  of  the  river,  G  miles  below  the  city, 
by  means  of  a  loose  rock-and-brush  dam  270  feet  long,  built  on  a 
natnral  ledge  of  rock  extending  across  the  river,  making  the  total 
height  of  the  obstruction  8  feet.  The  dam  consists  of  layers  of  brush 
weighted  by  loose  rock,  with  gravel  and  earth  thrown  in  front,  forming 
a  very  effective  dam,  the  rock  becoming  gradually  cemented  together 
by  a  deposit  of  lime  salts  from  the  water.  It  crosses  Piedras  Creek  on 
a  stone  aqueduct,  shown  in  PL  VI,  whicli  consists  of  a  s(»ries  of 
massive  arches  that  seem  in  as  good  preservation  to-day  as  when  con- 
structed, more  than  a  century  and  a  half  ago. 

This  ditch  fell  into  disnse  about  twenty  years  ago  and  was  aban- 
doned until  1895,  when  A.  Y.  Walton,  jr.,  who  owned  several  suertes 
of  land,  organized  the  owners  of  the  lands  commanded  by  it  into  a 
company  (the  Espada  Ditch  Company),  cleaned  out,  widened,  and 
deepened  the  old  ditch,  repaired  the  dam,  and  made  some  change  in 
it«  course,  the  total  cost  being  about  *3,0(K).     The  ditch  is  now  3  miles 
long,  has  a  bottom  width  of  5  feet,  and  carries  10  second-feet  of  water. 
It  commands  400  acres,  nearly  all  of  which  is  irrigated.     The  annual 
cost  of  keeping  the  ditch   in  good   working  order  amounts  to   25 
cents  an  acre,  the  work  being  done  by  the  meuibei's  of  the  (*omi)any. 
The  manager  notifies  the  meml)ers  when  work  is  to  be  done  on  the 
ditch,  and  no  trouble  has  been  encountered  in  repairing  it  on  this 
labor-assessment  principle.     The  general  manager  keeps  a  complete 
record  of  the  hours  and  dates  upon  which  each  irrigator  is  to  have 
water.    Each  member  gets  water  every  fifteen  days,  and  is  allowed  all 
he  wants,  but  he  must  use  it  only  during  the  hours  assigned  to  him. 
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The  appearance  of  the  crops  under  these  ditches,  even  in  a  time  of 
abundant  rainfall  as  the  first  half  of  1807,  is  a  remarkable  proof  of 
the  value  of  irrigation.  The  land  is  mostly  an  alluvial  valley  soil, 
very  productive  when  watere<l.  On  irrigated  fields  the  customary 
yield  is  at  least  a  bale  of  cotton  to  the  acre,  while  for  the  last  five 
yeai*K  the  average  on  unirrigat^l  fields  has  been  hardly  more  than  one-  ' 
fourth  that  amount.  Truck  farmers  raise  all  kinds  of  vegetables*  ^ 
from  early  spring  until  frost  in  the  greatest  profusion. 

TRUEHART  DITCH. 

Thre(»-fourths  of  a  mile  above  the  head  of  the  dam  whioh  supplies 

the  Espada  ditch  is  the  head  gate  of  the  Truehart  ditch,  which  is  now 

out  of  US(». 

ARTESIAN  WELLS. 

Then*  is  some  irrigation  from  artesian  wells  practiced  in  and  near 
San  Antonio.     Following  are  brief  descriptions  of  the  plants: 

Kamptnan  sijstern, — The  most  extensive  plant  is  that  of  Mrs.  Caro- 
line Kam[)man,  who  hiis  three  wells  on  her  ranch,  3  miles  east  of  the 
city  limits.  One  of  these  wells  has  a  flow  of  1,500,000  gallons  in  twenty- 
four  hours,  under  20  pounds  pressure,  or  2.32  second-feet.  It  is  970 
feet  deep,  and  was  drilled  at  a  cost  of  83,000.  It  is  allowed  to  flow  on 
200  acres  of  the  owner's  land,  most  of  which  is  in  Johnson  grass  and 
sugar  cane  and  needs  only  a  small  portion  of  the  water.  By  a  system 
of  ditches  or  storage  tanks  this  well  would  irrigate  1,000  acres  of  land. 
Almost  all  of  the  water  from  the  other  two  wells  is  wastetl.  All  of 
the  water  is  impregnated  with  sulphur.  Mrs.  Kampman  owns  another 
well  near  the  head  of  the  river,  2.^  miles  northeast  of  the  court-house, 
from  whi(*h  20  acres  are  irrigated,  but  it  could  easily  irrigate  300  acres. 

Collins  sijsiem. — Three  miles  west  of  San  Antonio  River,  lying  along 
the  International  and  Great  Northern  Railroad,  F.  F.  Collins  has  a 
farm  of  140  acres  which  is  irrigated  from  an  art^»sian  well  600  feet  deep 
and  12  inches  in  diameter.  The  flow  of  this  well  has  been  estimated 
at  700  gallons  a  minute  ( 1.  o  second-feet).  The  water  is  clear  and  pure. 
The  tract  owned  by  Mr.  Collins  consists  of  140  acres,  all  of  which  can 
be  irrigated  from  this  well.  The  farm  is  divided  into  tracts  of  12^^ 
acnss  each.  A  thn^e-rooni  house  and  the  12^  acres  adjoining  rent  for 
f{2oO  a  y(»ar  for  land,  house,  and  water.  The  latter  is  conveyed  to  the 
land  by  4,000  f(»et  of  G-inch  pip(»  and  4,000  feet  of  4-inch  pipe.  This 
method  of  conveyance  guarantees  a  minimum  loss  by  leakage  and 
affords  a  most  effectual  control.  The  wi^ll  is  provided  with  two  out- 
lets, one  of  which  supplies  the  pipe  line  on  the  farm,  the  other 
connecting  to  the  r(\s(»rv()ir.  The  reservoir  is  a  triangular  piece  of 
ground  covering  1  acre,  one  side  of  which  is  parallel  to  the  track  of  the 
International  and  Gn»at  Northern  Railrojid.  The  capacity  of  the  reser- 
voir is  4,000,000  gallons,  and  the  well  fills  it  in  seventy-two  hours.  It 
will  be  used  to  conserve  the  water  supply,  and  will  enable  all  irrigation 
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be  done  in  Aaylight.  At  night  the  flow  will  be  shifted  to  the  reser- 
%  and  during  the  day  water  will  be  drawn  from  both  the  well  and 
>rvoir, 
'BnaAy  system. — ^The  well  of  Thomas  F.  Brady  Ih  iiniqiio,  in  that  it 
>r  by  several  hundred  feet  than  any  wells  in  the  vicinity.  It  is  6 
in  diameter  and  1,450  feet  deep.  Tlie  water  is  soft  and  has  the 
of  rain  water.  It  was  noticed  that  the  dry  years  affected  it  very 
digjitly,  but  daring  the  flush  year  of  1900  the  water  rose  in  the  out- 
low  conduit  about  one-fourth  of  an  inch.  Fifty  acres  of  land  are 
irrigated  from  the  well,  but  it  could  easily  irrigate  as  many  more. 
Under  present  conditions  the  well  is  kept  closed  half  of  the  time. 
The  land  is  rented  for  $16  an  acre,  which  includes  the  wat4^r  rent. 

JE^  and  WaUers  systems. — Just  east  of  the  Brady  farm  is  the  farm 
of  John  Epp,  where  a  4i-inch  well  884  feet  deep  irrigates  20  acres  of 
forage,  consisting  mostly  of  cane  and  Johnson  grass.  Within  a  quar- 
ter of  a  mile  of  the'  £pp  farm  Mr.  Albert  Waiters  has  a  small  well 
from  iwhich  about  10  acres  are  irrigated. 

Vandalle  system. — ^About  2  miles  west  of  the  court-house,  in  the 
valley  of  Martinez  Creek,  Herman  Vandalle  has  a  4-inch  well  840  feet 
deep  that  irrigates  14  acres  of  garden  truck.  A  small  tank,  GO  by  60 
Caet,  haa  been  constructed  to  conserve  the  flow  and  give  a  larger  sup- 
ply when  necessary.    The  land  rents  for  $25  an  acre. 

Kodblen  sydem. — Near  the  Aransas  Pass  roundhouse  Jacob  Koel- 

blen   has  a  very  successfully  conducted  irrigation   plant    from  an 

artesian  well.     The  well  was  bored   in  1895.     For  the  first  iJ4  feet 

lO-inoh  piping  was  used.     Into  this  was  inserted  an  8-inch  piiH»  that 

extended  to  a  depth  of  200  feet,  then  8(K)  feet  of  r>-ineh  pipe  waff 

incased  in  this,  and  1,027  feet  of  44-inch  pipe  eompletetl  the  well  t<3 

rock.     The  lower  70  feet  was  drilled  into  hard  rock.     A  4A-inch  piiK! 

leads  from  the  well  to  a  reservoir  72  feet  bv  30  feet,  wlii(*li  bordei-s  on 

the  east  side  of  the  San  Pedro  ditch,  into  which  the  waste  water  flows. 

The  land  irrigated  lies  on  each  side  of  the  railroad  tra(*k,  the  wat^n 

being  conveyed  to  it  by  pipes.     Only  21  acres  in  j^arden  are  irrigated, 

but  there  is  sufficient  water  to  irrigate  five  times  that  amount.     Tlu 

water  is  rented  out  at  $25  an  acre.     The  drilling  of  the  well  cost  S2  t\ 

foot,  and  the  total  cost  of  tlie  plant,  exclusive  of  land,  was  more 

than  $4,000. 

DignowiUy  system. — A.  F.  Dignowitty  owns  two  wells  near  Sar 
Antonio.  The  first  well  was  l)ored  in  1884,  on  the  east  sidt^  of  Alazaii 
Creek,  24  miles  northwest  of  the  court-house.  Water  was  struck  at  s\ 
depth  of  IGO  feet,  sulphur  water  at  210  feet.  At  4G0  feet  artesian  watei 
of  5  feet  depth  was  struck,  which  shot  10  feet  above  the  ground,  giving 
a  flow  of  1,000,000  gallons  per  tw(»nty-four  hours.  The  water  is  cleai 
and  soft,  of  a  temperature  of  75""  F.,  and  is  partly  used  for  irrigation 
The  second  well  was  bored  in  181^5.  It  is  1^  miles  northeast  of  tlu 
court-house.     At  a  depth  of  20  feet  a  fine  i)ottery  clay  80  feet  deei 
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was  encountered;  at  435  feet  iron  pyrites  was  met;  and  at  US  feet 
a  vein  of  fine  liquid  asplialtam,  wliich  rose  49  feet  in  the  well.  At 
45G  feet  a  line  petroleum  oil  was  struck;  at  400  feet  a  substratum  of 
clear  fresli  water,  which  rose  to  withiu  4ti  feet  of  the  surface  of  the 
ground;  at  600  feet  a  strong  current  of  natural  gas;  at  525  feet  a 
hard  sandstone;  at  54U  feet  a  verj'  hard  white  sandstone;  at  550  feet 
another  stream  of  water  that  rose  within  35  feet  of  the  top.  The  well 
stopped  at  C5!t  feet  in  hard,  white  rock. 

SEWAGE  FARM. 

The  sewa};e  of  the  city  of  San  Antonio  is  condncte<]  ahout  4  miles 
southwest  of  the  city  and  there  utilized  for  irrigating  purp«)ses.  Early 
in  18!I7  R.  W.  Hamilton  &  Co.  made  a  contract  with  the  city  whereby 
the  firm,  in  consideratiou  of  an  annual  payment  of  (1,000  to  the  city, 
was  to  receive  all  the  sewage  and  the  use  of  a  tract  of  350  acres  of 
land.  The  company  had  1o  grub  the  laud,  erect  houses,  construct 
ditches,  etc.,  before  tliey  could  realize  any  income  from  their  outlay. 


The  sewage  is  delivered  in  the  form  of  «  half  invert  44  inches  in 
diameter,  and  t^l  provide  for  an  increased  flow  a  dyke  is  constnicted 
on  each  side  of  the  invert,  converting:  the  whole  into  a  canal  the 
bottom  of  which  is  formed  by  the  invert.  (See  fig.  15.)  Three  hun- 
dred and  fifty  »crG»  are  irrigate<l  on  what  is  known  as  the  sewer  farm 
proper,  and  the  company  has  rented  150  acres  from  au  adjoining 
farm,  making  in  all  500  acres  irrignt«<l  In  lOOI.  In  addition  to  this, 
ahout  -ii  miles  from  the  city  the  pipe  line  has  been  tapfted  and  50 
acres  arc  irrigated  fi-oin  the  lateral.  The  flow  is  10.8  second-feet, 
and  1,200  acres  could  readily  he  irrigated  from  it.  At  present  the 
surplus  is  allowed  to  waste. 

In  September,  1!)01,  the  city  leased  ihc  sewer  farm  and  all  of  the 
sewage  to  R.  II,  Russel,  J.  A.  Simmons,  and  others  for  atermof  niuety- 
nine  years.  The  lessees  ai'c  to  cnustruct  a  ditch  f  n)m  the  present  out- 
fall, a  goo<l  and  serviceable  dam  at  Mitchells  Luke,  of  a  size  sufficient 
to  retain  the  surplus  sewage  of  the  city,  and  arc  to  dispose  of  sewage 
by  broad  irrigation.  They  are  also  tu  guard  the  city  against  damages 
that  may a<!erue  from  the  sewage  becoming  ji  menace  to  private  rights 
or  a  public  nuisance.     It  is  undei-slooil  that  the  dam  and  ditch  will 
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eoBt  about  $20,000.  The  lessees  are  t>o  have  the  sole  use  of  the  sowa^<s 
and  are  to  receive  all  rentM  from  Ilamiltim  li-  Co.  for  the  two  yoai's 
their  onntract  \\i\H  Uy  run. 

MISCELLANEOUS    SYSTEMS. 

Hnlff  Brothers  systew. — At  the  crossiiiji:  of  \\\o  riv*^'  on  Mit<'lu*]l 
street,  San  Antonio,  llalft  Brothers  have  instalh'^I  a  l()-hors<*|M)wer 
gasoline  enj^int',  which  oiM»rates  a  rotary  piinip.  T\w  lift  from  the 
river  h»vel  1t>  the  pump  is  0  feet,  ami  tli(»  wator  is  pum|HMl  tln-ouf^h 
6-im;h  i»ix>es  alternately  on  the  east  and  \v(*st  sidrs  of  tiie  stn^am. 
The  eai>acity  of  the  pump  is  estimat^^d  at  lOT  ^c^llons  a  minuto  (o.:i;> 
seeoml-foot).  During  the  st^asim  of  11N)1  it  irripittMl  al)out  lM)  aeres, 
but  liad  to  be  run  only  al>uut  one-tenth  of  the  timo.  Tiio  crops  raised 
were  the  usual  pirden  truek,  whieh  found  a  ready  hom(»  niark(»t. 

Gnxy.s  ffysfevi. — Four  miles  below  San  Antonio,  on  the  oast  si<h»  of 
the  river,  F.  Groos  has  a  pumping  jdant  run  by  walvr  power.     It  is 
on  an  old  nice,  and  consists  of  onr  ^35-ineh  LetTt^l  turbine  op(M'atin>r 
t«'o  n.itar\"  pumps  having  Ti-ineli  diseharge  o|>enin^sand  an  estimated 
capacity  of  4o0  gallons  a  minute  eacfh.     The  head  on  the  turbines  is 
54  ffft,  and  it  is  estimated  that  40  horsepower  is  generated.      This 
will  require  a  flow  of  80  eubie  fe(»t  of  water  per  seeon<1.     Th(»  San 
Antonio  River  has  IxHjn  known  to  flow  only  10  eubi<'  feet  ^X'r  second, 
and  if  all  of  this  were  utilize<l  on  the  turbine  it  won  hi  gtMUM'ate  only 
5.1  h<»i-sei>ower.     The  flow  on   I)e(*enilM'r  31,  1IM)1,  was  only  11  second- 
fi'et   iit   the  ''hot  wells,"  and  in  July,  l!M)i>,  it  was  only  '.»  seeond-feel. 
I*rnt:tjer  system. — Otto    Praeger's    plant,   just    north    of    the   ''hot. 
w«dls,"  ecmsists  of  a   lO-hoi'sei)ower  gasoline  engine  and   a  double- 
suction   rota rj*  pump  having  4-inch  disi'harge.     T1m»  water  is  raise<l 
into  a  flume,  from  which  it  flows  into  a  <liteh  ♦*,()()  iVet  long.     Sixty 
»4:*re.s  of  Johnson  grass  are  irrigate^!.     After  a  crop  is  cut  and  taken 
off',  the  water  is  immediately  turned  on  until  the  ground  is  thoroughly 
saturated.     F'ourwi^eks  later  the  ground  is  (loo<lrd  a  second  lime,  and 
two  weeks  hiter  the  grass  is  <*ut.     Thus  a  eroj)  is  rut.  ev<*ry  six  w<M»ks. 
It  requires  100,<KX)  gallons  of  wat(M' jmm"  a<*re  for  a  single  saturation, 
and  the  plant  watei-s  one-half  acre  per  hour. 

LafjtoK  syst^tn. — Four  and  one  half  miles  .south  of  San  Antonio  is 
the  I-ayton  irrigation  ])lant,  whieh  consists  of  a  l.*)-hors('powcr  S[)ring- 
fiehl  engine  oi>erating  a  O-inch  (iould  centrifugal  |)um|).  The  lift  is 
17  feet  and  the  estimate<l  (rapacity  lJ>on  gallons  a  minute.  Tliewat<*r 
is  pumi>e<l  from  San  Antonio  Kivcr,  and  to  deliver  tlxMiuantity  stated 
under  the  lift  of  17  f(M»t  re(juin\s,  with  an  cIVkmciu'v  of  so  per  cent, 
only  4i  hors(»power.  Sixty  a(!res  of  vt^getabh's  for  tin*  local  niark(Ms 
are  irrigated. 

Brown  system. — Five  miles  south  of  San  Antonio,  on  the  east  si<le 
of  the  river,  B.  II.  Brown  irrigated  35  acres  by  m<»ansof  a  ."i-hors^'power 
engine  o|>erating  a  4-iuch  pump.     The  water  is  pumped  from  San 
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Antonio  River  against  a  lift  of  20  feet.  The  plant  cost  $400.  The 
soil  is  bla<*k  and  very  productive.  Sugar  cane,  vegetables,  com,  and 
oats  are  the  crops  raise<l. 

Mission  Fiinn  Company  system, — This  company  uses  the  natural 
outfall  of  the  sewer  and  irrigates  50  aci'es  of  sorghum,  Johnson  grass, 
oats,  and  fruit  trees. 

Camille  system. — llie  Camille  plant,  44  miles  from  San  Antonio, 
pumps  its  water  from  the  sewer  outfall.  The  lift  is  23  feet,  and  the 
pump  has  a  discharge  pipe  of  4  inches  diameter  and  a  capacity  of  900 
gallons  a  minute.  The  soil  is  black.  Eighty  acres  of  vegetables  are 
irrigateil. 

Meersrheidt  system. — Near  Prospect  Hill,  Meerscheidt  Brothers 
irrigate  50  acres  from  a  12-inch  artesian  well.  The  water  in  the  well 
rises  to  within  7  feet  of  the  ground  surface  and  is  pumped  into  the 
ditches  by  means  of  a  12-horsei)ower  Springfield  engine  and  a  5-ineh 
centrifugal  pump.  The  capai»ity  of  the  well  is  750  minute-gallons, 
and  this  is  su1!icient  to  irrigate  double  the  present  acreage  in  dry 
seasons. 

Pickett  system. — Thirty  miles  below,  on  the  same  river,  near  Flores- 
ville,  in  Wilson  County,  is  the  plant  of  A.  (t.  Pickett.  It  was  set  up 
in  1893,  and  consists  of  a  40-horsepower  steam  boiler  operating  a 
Hlake  duplex  steam  pump,  which  is  connecte<l  to  the  boiler  by  a 
2-inch  steam  pipe.  From  12  to  15  horseiK)wer  is  used  at  present,  it 
l>eing  the  intention  of  the  owner  to  extend  the  plant,  by  the  addition 
of  more  pumps,  as  moi*e  land  is  brought  under  irrigation.  The 
average  distance  from  the  water  to  the  pump  is  15  feet  and  the  average 
lift  50  feet.  Tliere  is  no  reservoir,  the  water  being  pumpe<l  directly 
into  the  ditch.  Th(»  total  cost  of  the  plant  is  estimated  at  $2,500,  and 
it  requires  one  man,  at  a  cost  of  12^  cents  an  hour,  to  operate  it.  The 
pump  is  covered  !)y  high  water  in  the  river  from  tw^o  to  four  times  a 
year.  This  plant  was  built  to  irrigate  from  3(K)  to  400  acres,  and  has 
suflfieient  boiler  capacity  for  that  a(*reage,  but  will  require^  sulditional 
pumps.  The  present  pump  has  a  7-inch  suction  pil)e  and  a  0-inch 
discharge,  and  is  estimated  to  pump  about  750  galhms  a  minute,  op 
1.07  second-feel,  suflicic^nt  to  irrigate  from  75  to  100  aci^s,  but  only  50 
acres  of  fruits  were  irrigated  in  1001.  The  annual  cost  of  water  is 
estimated  at  from  $2  to  *6  an  acre,  according  to  the  amount  of  rain- 
fall an<l  pumping. 

State  AijricuUurul  and  Mecluiniad  CoUeije  system. — The  irrigation 
plant  belonging  to  the  experiment  station  of  the  State  Agricultural 
and  Mechanical  College  is  a  pumping  plant  deriving  the  necessary 
power  from  a  windmill  and  a  gasoline  engine*.  The  windmill  is  a  steel 
Id(»al,  the  original  pump  a  deep-well  i)unii)  having  anuiximum  capac- 
ity of  HO  cubic  feet  an  hour.  Ijut  this  required  a  high  wind  to  main- 
tain the  flow,  and  a  5i-horsepow(^r  (nominal)  Weber  Jb  Co.  gasoline 
engine,  capable  of  (exerting  4  actual  horsepower  was  added.  The 
X)ump  has  a  cylinder  3i  inches  in  diameter  by  30  inches  long,  with  a 
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^""  '"^  8tnd»  when  nm  by  the  engine  and  a  9-fnch  stroke  when  mn 
tte  windmill.    The  water  is  forced  600  feet  to  a  reservoir  16  feet 
the  top  of  the  well.    The  reservoir  is  32  feet  long,  52  feet  wide, 
8  feet  deep,  and  will  hold  about  100^000  gallons,  0.3  acre-foot.    It 
iboiU  by  excavating  to  a  depth  of  4  feet  and  building  an>und  the 
ion  earthen  walls  of  the  same  height,  the  total  coHt  being  tl40. 
leoonntof  the  very  porons  nature  of  the  soil  all  tanks  in  this 
must  be  lined  with  artificial  material — cement,  asphalt,  or  coal 
The  reservoir  at  the  experiment  station  is  lined  with  a  mastic 
ig  of  73  per  cent  sand,  25  per  cent  coal  tar,  and  2  per  cent 
The  sand  and  lime  are  mixed  together  and  the  tar  is  lK)iled 
it  will  string,  when  it  is  mixed  hot  with  the  other  in^nMlients, 
while  hot  is  spread  on  the  bottom  and  sides  at  the  rate  of  52 
to  the  square  yard.     On  top  is  put  a  varnish  forme<l  by  boil- 
jmre  coal  tar  and  flashing  it  with  a  lighte<l  iiiat<^h  to  burn  off  the 
dls.     The  plant  was  completed  in  1897,  and  it  is  estiinatcHl  that 
^J) acres  can  be  served  by  it.     (Tasoline  costs  10  cents  a  gallon  in  Hee- 
lille,and  1  gallon  used  as  fuel  for  the  engine  dolivcrs  alx>ut  1,900 
Ifdions  to  the  reservoir  under  the  conditions  stated.     I'lie  cost  of 
^Uterper  1,000  gallons  is  8.42  cents.     Calculating  the  cost  of  a  single 
rfajgation  at  this  rate,  assuming  that  2  acre-inches  are  supplied,  54,309 
pDons  (2  acre-inches)  cost  $4.58  per  acre  per  application,  or  at  the 
Bite  of  t2.29per  acre-inch.     Should  land  be  permitted  to  become  very 
diy  before  irrigation  is  resorted  to  the  cost  is  increased  cori'espond- 
nigly.     Early  in  1901  there  was  added  to  this  plant  a  larger  ])ump 
(5}-inch  cylinder),  the  capacity  of  which  is  70  gallons  an  hour.     A 
new  well  has  been  sunk  12  feet  from  the  old  well,  the  two  being  con- 
nected 60  feet  beneath  the  surface  of  the  ground,  so  that  the  water 
of  one  well  will  supplement  that  of  the  other  well. 

McDowell  system. — W.  G.  McDowell,  of  Heeville,  lias  a  plant  con- 
sisting of  a  l^horsepower  gasoline  engine  pumping  from  a  70-fo()t 
well  and  irrigating  5  acres. 

Beev^iUe  irrigaied  gardens. — Thes(»  gardens  liave  tin*  most  (»tTi<*ient 
plant  near  Beeville.  It  consists  of  a  4-horsepower  gasolines  <»ngine 
pumping  into  a  reservoir  of  14(>,rM)()  pillons  rapacity.  Thirte(*n  acres 
of  vegetables  are  irrigated,  but  the  plant  could  easily  irrigate  20 
acres. 

Bee  Star  garden.^. — The  13ee  Star  gardens,  of  Skidmore,  operate  a 
plant  consisting  of  an  engine  of  4  horsepower  and  an  Amc^s  pump  with 
4-inch  suction  pipe.  The  water  is  pumped  from  a  ^'»|"i>^<'^^  ^^*<^11  11^ 
feet  deep,  and  is  diseharg(Hl  into  a  n^servoir  120  f(M^l  iu  diameter, 
having  a  capacity  of  500,(K)0  gallons.  Fifty  aen's  of  cauliflowers, 
cabbages,  cantaloupes,  etc.,  are  irrigated.  Uy  judicious  management 
of  the  water  100  acres  could  be  irrigated. 

Other  truck  systems. — Th<^  foregoing  are  types  of  many  other  sys- 
tems in  the  country  around  and  near  Beeville.  These  plants  gener- 
ally consist  of  a  small  engine,  a  centrifugal  pump,  a  surface  reservoir. 
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and  the  necessary  ditches.  The  following  plants  are  in  successful 
operation:  S.  A.  Mellenry  (two  i)lants),  27  acres;  Carl  Rankin,  12 
acres;  J.  T.  Ilolliday,  12  acres;  J.  K.  Robertson,  7  aci-es;  W.  I).  Mes- 
singer,  3  aci^es;  A.  ]\I.  Stoval,  12  acres;  R.  I.  Eidson,  12  acres;  J.  H. 
Elliott,  4  acres,  J.  M.  C'liittini  (near  Normanna),  15  acres;  Jamea 
McCan  (near  Vi<»toria),  25  acres. 

Near  Driscoll,  in  Nueces  County,  Charles  Reynolds,  George  Rey- 
nolds, and  Will  Shealy  are  installing  plants  similar  to  the  foregoing, 
whiles  P.  E.  McNeill  and  John  Clementson,  at  Wade's  station,  have 
each  a  plant  in  operation.  The  latti^r  plants  obtain  tlie  water  from 
wells  150  and  11)0  feet  d'^ej),  rvspectively,  and  during  the  current 
season  25  acres  were  irrigated. 

K'uuj  system. — On  the  King  rancli,  south  of  Alic^>,  40  arti^sian 
wells,  of  an  averagt*  depth  of  5(M)  feet,  furnish  abundant  water,  and 
Mr.  R.  J.  Kiel  Hi  rg,  the  manager,  has  commenced  using  this  water 
for  the  irrigation  of  alfalfa;  but  this  system  is  at  pivsent  in  it<8 
infancy. 

Landu  sysiem. — Mr.  II.  Landa  Inis  just  installed  two  irrigation 
j)lants  on  Comal  River,  at  New  Hraunfels,  for  the  purpose  of  irriga- 
ting about  70  a(*res  of  farm  land.  In  one  case  the  water  is  pumped 
from  a  lak(»  n(»ar  his  fioui*  mills  and  is  forced  througli  about  370  feet 
of  10-inch  pipe  into  a  canal  in  the  field,  being  conducted  through  tho 
canal  to  the  higlu^st  point  on  the  farm  and  then  distributed  by  means 
of  laUM'als  to  all  parts  <if  the  tract,  Int<jrmediate  laterals  are  also 
constructcMl  at  intervals  along  the  main  canal,  and  the  water  is  car- 
ried by  gravity  to  all  minor  elevations,  the  surface  of  the  water 
in  the  main  (*anal  being  higher  than  any  point  in  the  field.  This 
system  will  water  25  or  3o  acres.  3[r.  Landa's  second  S3'stem  is  sup- 
plied by  a  pump  operat(*d  by  a  20-h<)rsejM>wer  gasoline  engine,  the 
water  being  elevated  into  a  flume  which  leads  into  a  canal  that  ter- 
minates on  th(»  bank  of  the  river.  This  canal  is  constructed  on  the 
same  principle  as  the  ono  just  described,  the  water  being  conducted 
to  the  highest  portion  of  tho  Held  and  distributed  by  means  of  lat- 
(M-als  at  intervals  along  its  cours<\  The  tract  to  be  irrigated  by  this 
canal  contains  about  40  acr(\s.  "^I'lie  canals  are  alK)ut  10  feet  wide  and 
the  laterals  5  feet  wide,  (*onstructed  by  building  two  parallel  levees 
10  feet  ai)art,  of  sufticieut  thickness  to  prevent  much  seepage,  the 
tops  or  crowns  oi  the  h^vees  bcMUg  made  level,  forming  an  elongated 
resei'voir  across  the  field,  from  which  the  water  can  be  drawn  at  will. 
The  total  h^ngth  of  the  main  canal  in  the  fii-st  system  is  l,70o  feet, 
the  total  length  of  the  laterals  1,100  feet.  The  total  length  of  the 
main  canal  in  tlu*  second  system  is  2,200  feet,  the  tot^il  length  of  tho 
laterals  2,7()0  feet.  In  the  first  <*ase  th<»  water  is  raised  4  feet  from 
the  tank  into  th(i  canal. 

Jjochc  stjsfcin. — One  mile  west  of  N(^w  IJraunfels  Otto  Locke  irri- 
gates .').*5  acres  in  orchards,  nurseries,  corn,  potat()(\s,  etc.  A  12-horse- 
power  Foos  gasoline  engine  operates  a  <>-in(*h  centrifugal  jpump  against 
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tifl  of  47  feet^  raiBing  400  gallons  per  minute.  The  dincharge  pipe 
onveys  tbe  iwnU^r  to  the  highest  point  of  the  land,  from  which  it  is 
ialiitMited  by  ditches  to  the  lands  watered.  With  the  present  prices 
i  gasoline  it  csosts  $7  an  acre  per  season.  If  continuously  operated 
he  plant  could  irrigate  50  acres. 

henzen  aysiem. — ^The  plant  of  G.  P.  Lenssen  is  located  on  the  north 
Bank  of  the  Comal  River  in  the  suburbs  of  New  Braunfels,  and  was 
hat  operated  during  the  season  of  1902.  A  2<)-h<irsopower  gasoline 
■igine,  operating  a  6-inch  Van  Wic  centrifugal  pump  against  a  lift  of 
n  feet,  delivers  the  water  into  a  12  by  12  inch  flume  5<K)  feot  long. 
Sixty  acres  in  peas,  sorghum,  com,  cotton,  and  ]>otatoe8  are  irrigated 
at  an  average  cost  of  $7  per  acn^. 

Fiacher  system. — On  the  east  side  of  tlio  (Tuu<lalui)e  Hivcr,  1  mile 

telow  New  Braunfels,  near  the  bridge  of  the  International  and  Great 

:  northern   Railn>ad,  C.  F.  II.  Fischer  installcHl  late  in  the  H(*ason  of 

1902  a  water-power  irrigati(m  plant.     A  dirt  <lam  acniss  the  north 

dMiunel  of  the  (Guadalupe  deflects  the  wat4^r  under  a  7-foot  undershot 

vheel,  which  operates  a  3-inch  Gould  pump  against  a  lift  of  00  feet. 

The  plant  at  present  writing  is  an  embryo  of  what  is  intended.     A 

wservoir  is  to  be  constructed,  and  from  this  water  is  to  be  drawn  to 

inigate  &0  acres  in  com,  eott.on,  grass,  and  gardens. 

Bruemmen  system, — One  and  one-fourth  miles  northeast  of  New 
Bmunfels,  W.  Bruemmen  uses  an  8-horsepower  Model  gasoline  engine 
to  operate  a  centrifugal  pump  against  a  lift  of  »5I  f(M5t.  The  water  is 
pamped  out  of  the  Guadalupe  into  a  Hume  1,1(M)  foot  long,  which  car- 
ries the  water  to  the  highest  point  of  the  IK  acres  that  are  irrigated. 
The  plant  was  put  in  late  in  the  season  of  ltK)L>,  and  its  ca]uicity  has 
not  been  fully  tested,  but  it  has  Ir^u  fouii<l  that  it  costs  only  tl.HO 
per  day  to  operate  tlie  complete  plant. 

Starty  system. — One  mile  north  of  New  Hraunfcls,  A.  G.  Starty  has  a 
small  pump  plant  that  derives  its  water  from  a  well.  A  r)-hor8ei)ower 
gasoline  engine  runs  a  4-inch  Van  Wic  pump  against  a  lift  of  i^O  feet, 
Tlie  plant  is  kx^ated  in  the  lowlands  north  of  Landa  Park,  and  during 
the  current  !;eason  S  acres  in  can(»,  corn,  and  cotton  wore  irrigated. 

Dittmar  Hyfiiem. — Five  miles  below  Now  j>raunfcls,  on  tho  w(»»t  side 
of  GuadaluxH)  River,  Adolph  Dlttniar  has  a  water-power  irrigation 
{dant.  The  water  is  jniniped  from  tlio  riv<»r  !)y  a  Worthington  pump 
having  10-inch  diwharge  and  a  lift  of  4()  f(»ct.  The  j)owcr  is  gener- 
ated by  one  Risdon  turbine  working  un(l<»r  a  hoad  of  5  foct.  The 
dsm  is  a  natural  formation  in  the  river. 

San  Marcos  Water  Works  Conqnunj  system, — The  San  Marcos 
Water  Works  Company  (William  Gn^c^n,  president)  transfci's,  by 
electricity,  the  power  for  its  piimi)  from  a  (lam  across  San  Marcos 
River,  near  the  head  of  tlio  stream.  The  distance  from  the  water- 
power  plant  at  the  dam  to  the  pump  is  1,4()<)  feet.  The  pump  is  a 
Van  Wie  centrifugal,  having  18-inch  discharge.  The  lift  is  only  8 
feety  and  it  is  the  intenti(m  to  hr'in^  1S6  aci*es  under  irrigaUou. 
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Freertiaih  systems,^ Abowt  three-fourths  mile  l)elow  San  Marcos,  on 
the  oast  side  of  the  river,  I.  Freeman  has  a  Kj-liorsepower  gasoline 
engine  which  oi>erates  a  G-incli  Morris  centrifugal  pump  under  a  lift 
of  26  feet.  The  capacity  is  1,312  gallons  a  minute,  which  would 
require  only  8  lioraepower.  One  hundreil  and  twenty  acres  are  to  be 
brought  under  irrigation  and  cultivate  in  truck  gardens. 

J.  U.  Freeman  hjis  a  G-horsepower  g^isoline  engine  that  runs  a  4-inch 
Morris  centrifugal  jiump,  working  under  a  lift  of  2G  feet.  The  esti- 
mated capacity  is  3o0  gallons  a  minute.  The  plant  cost  S675.  Ten 
acres  of  vegetables  are  irrigated. 

Glover  system. — The  plant  of  Frank  Glover  consists  of  a  So-horse- 
power  gasoline  engine  and  a  12-inch  Van  Wie  pump,  operating  against 
a  lift  of  35  feet.  The  water  is  i)umped  from  San  Marcos  River,  and  it 
is  intended  to  irrigate  alfalfa  and  other  crops.  The  soil  is  black  and 
rich,  and  will  produce  well.     The  plant  will  irrigate  100  acres  in  1902. 

Loivman  system. — Near  the  town  of  Staples,  on  San  Marcos  River, 
R.  J.  Lowman  has  a  small  irrigation  plant  in  operation.  The  water 
is  elevated  to  a  height  of  about  21  feet,  by  means  of  an  undershot 
water  wheel  carrying  buckets  on  its  circumference.  The  power  is 
obtained  from  a  9-foot  dam  across  the  river.  The  capacity  of  the 
wheel  is  3(X)  gallons  a  minute.  At  present  only  3  acres  (a  truck 
garden)  are  irrigated,  and  the  wheel  is  not  used  to  its  full  capacity. 

Jones  system. — Alwut  5  miles  Inflow  San  Marcos,  on  San  Marcos 
River,  J.  C.  Jones  irrigates  a  farm  of  20  acres  by  means  of  the  power 
obtained  from  a  7-foot  milldam.  lie  uses  a  0-inch  centrifugal  pump 
having  a  capacity  of  1,(X)0  gallons  a  minute  and  one  2-inch  rotary 
pump  having  a  capacity  of  125  gallons  a  minute.  The  water  is  lifted 
to  a  lieight  of  31  feet.  Part  of  it  is  pumped  into  a  reservoir  in  the 
field,  and  the  remainder  is  run  directly  from  the  pump  to  the  field 
and  there  distributed.  This  is  the  first  year  the  farm  has  been  irri- 
gated.    Th(^  crop  is  to  be  corn  and  alfalfa.     Cost  of  plant,  $600. 

Undershot  water  whe^'Js. — Near  San  Marcos  irrigation  on  a  small 
scale  is  i)racticed  by  the  use  of  undershot  wheels,  of  wood,  of  the 
simplest  form,  with  a  metal  bucket  fastened  to  the  perimeter  of  one 
side  of  the  wheel  in  front  of  each  i)addle.  These  buckets  fill  in  suc- 
cession as  the  wheel  turns  and  empty  into  a  trough  above,  thus  rais- 
ing the  water  to  a  height  of  very  nearly  the  diameter  of  the  wheel. 
The  wheel  owned  by  Capt.  John  Richards  irrigates  2  acres  of  grapes 
and  vegetables,  while  that  of  I).  C.  Garret  irrigates  7  acres. 

SYSTKMS  AL()>(i    LOWKU  Xl^KCKS  UIVER,  LOWKR  RIO 

CiUAXDK,  AND   I.EONA   KIVKU. 

Nu(H*es  River  »*isos  in  the  Edwards  Plateau  and,  with  its  tributaries, 
the  L(M)na  and  the  Frio,  drains  the  portion  of  Texas  between  Brackett, 
San  Antonio,  Corpus  Christi,  Kncmal,  and  Carrizo  Springs.  In  this 
paper  "the  Lower  Rio  Grande''  refers  to  the  portion  of  that  river 
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bebwDel  Rio.  The  irrigation  MysteiiiH  along  tho  Nuo(-<!h  and  itH  trib- 
itiries  abovo  the  Southern  Pacific  Kailn)ml  are  included  in  lliom^  of 
the  Edwanls  Plateau. 

LOWER  NUECES  RIVER. 

Man  .vjsf^ni. — Going  upstream,  tiie  iii'st  irrigation  syst4'iii  is  that 
•f  ftit  Dolan,  which  is  <!  miles  below  tlus  crossing  of  the  Southern 
Fwific  Railroad.  It  consists  of  a  15-hoi'seiM)wrr  gasoline  (Migine 
operating  a  i>umx),  and  with  it  he  irrigates  his  garden  and  on*lianls. 
Tbeeostof  the  plant  was  8735,  and  at  the  time  of  its  (M-eetion  gaso- 
tne was  selling  at  12  cents  a  gallon,  and  he  s^iys  that  irrigation  under 
those  circumstances  could  be  nuwle  to  pay. 

COTULLA    AND    VICINITY. 


\ear  Cutulla  then*  are  seven  very  elTective  ]>ump-irrigatioii  systems: 

Copji  atfsieni. — Thi^*  i)laiit  of  (i<'orge  Copp  is  the  oldest,  and  origi- 

ailly  cost  #1,0(H».     It  consists  of  a  l"J-horsej)ower  du[)lex  st(»ani  engine 

uda  4-inch  discharge  puni]),  which,  working  against  a  lift  of  4.5  feet, 

ias  an  estinuited  capacity  of  3'M)  gallons  a  minut(».     The  water  is 

pampeil  fnnn  Nueces  River  and  isclelivered  through  .*),(mm)  feet  of  i)ipe. 

The  chief  crop  is  Bermuda  onions.     It  costs  from  ^l^  to  *2.5  an  acre 

to  irrigate,  depending  upon  the  season.     The  yield  is  from  ir),(K)()  to 

3t),0(X)  pounds  an  acre,  and  as  the  onions  command  from  U  to  4  cents 

a  pound  the  revenue  is  from  ^225  to  ^OOO  an  acre.     In  all  Mr.  Copp 

irrigates  lot)  acres. 

Biifler  system. — W.  P.  liuth'Ks  plant  irrijijates  in  acres  by  the  us(» 
of  a  4-hoi*sepower  gasoline  eiigiiu' and  a  centrifugal  i)unip  having  a 
3-inch  dii^harge  [)ipe.  Tin?  water  is  pumi)ed  from  l>utler  l.ak<»  an<l 
from  Nue<*es  River,  and  is  raise<l  31  f(M*t  through  ()(K»  fecM  of  delivery 
pilR*.  The  system  cost  $7(M).  T]w  princi|)al  crop  rais(Ml  is  Uermuda 
onions.  Theyi<dd  per  acre  and  the  [)ri(*(*  coinmaiuh'd  are  the  sam<' as 
inthe<*aseof  Mr.  Copp.  Without  rainfall  t  he  onions  iiuist  be  irrigated 
every  tifteen  days,  while  cabbages  re<|nire  wat<M*  only  om-e  a  month. 

Knh'ii  &'  Fulhr  si/sftni. — The  i)lant  of  Ivaley  Sc  Fullei*  consists  of  a 
W-horsi^  1M> we r  steam  engine  and  a  <M'nti'ifugal  ])unii)  having  a  3-inch 
discharge.  Water  is  pumpe*!  from  Niie(M\s  River  against  a  hea<l  of 
-«i  feet.  Th<*  estimated  capacity  is  <'»i»>  irajlons  a  minute,  and  .'>()  acres 
of  Berinuda  onions  and  cabba;rcs  aie  irrigated.  The  cost  of  the  plant 
was  *1,2(M).  The  yichl  and  tin'  i-evenn<^  ar<'  tin*  same  as  fi-oni  the 
plants  previously  mentioned. 

lliJ  si/sff-m. — The  ])lant  of  Alexandei*  Thl  cost  ><1,l*(K),  and  consists 
of  a  li*-horseiH)wer  steam  <'ngine  and  a  centi'ifngal  j)umj)  having »>-iiU'h 
disi'liarge,  o[)erat-ing  against  a  lift  of  I'S  feet.  Tlu'  capa<*ity  is  esti- 
mated at  r>(X)  gallons  a  minut(%  and  '>r)  acr<'s  of  r>ernm<la  onions  arc^ 
irrigated.  The  water  is  pumped  fiom  Harris  Lake  an<l  from  Nueces 
River,  and  is  delivered  through  1,LjO  feet  of  i)ipe. 
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Davis  system, — The  plant  of  J.  H.  Davis  consistsof  a  12-horseix>wer 
Hteain  engine  and  a  duplex  pump  costing  $1,000,  and  irrigates  100 
acres  of  onions  and  tomatoes.  The  water  is  pumped  from  Nueoes 
River,  and  is  delivered  through  2,000  feet  of  pipe.  The  cai)acity  of 
the  plant  is  estimated  to  be  200  gallons  a  minute. 

Seofddt  system, — The  plant  of  II.  G.  Seafeldt  consists  of  a  15- 
horsepower  steam  engine  and  a  duplex  pump  having  a  4^inch  dis- 
charge, and  irrigates  150  acres.     Principal  crop,  Bermuda  onions. 

Hargus  &  Poole  system, — The  plant  of  Ilargns  &  Poole  consists  of 
a  1 2-hor8epower  st^am  engine  and  a  duplex  pump  having  a  6-inch  dis- 
charge. The  plant  cost  $800.  Water  is  pumped  from  Nueces  River 
and  is  delivered  through  500  feet  of  pipe. 

UVALDE. 

Kilgore  system. — Six  and  a  half  miles  west  of  Uvalde,  on  the  left 
bank  of  Nueces  River,  is  the  plant  of  M.  H.  Kilgoi-e  and  associates. 
A  55-horsepower  engine  operates  a  centrifugal  pump,  which  delivers 
1,500  gallons  a  minute  (3^  second-feet)  against  a  head  of  73  feet. 
Wood  is  nsed  as  fuel,  and  as  it  is  plentiful,  the  cost  is  nominal.  The 
main  ditch  is  2  miles  long,  6  feet  wide  at  top,  2  feet  at  bottom ;  average 
depth,  2  feet.  The  plant  was  started  in  1901,  and  250  acres  of  the 
black,  waxy,  and  sandy  loam,  most  of  it  in  alfalfa,  were  irrigated. 

IDLEWILD. 

Masterson  system, — Near  Idlewild,  on  the  Southern  Pacific  Railroad, 
Branch  T.  Masterson  has  installed  a  pumping  plant  on  Medina  River. 
Steam  is  supplied  from  a  GO-horsepower  boiler,  which  operates  the  gin 
and  mill,  while  the  pump  (8  and  12  by  12  by  10  inches)  is  connected 
direct.  The  head  is  50  feet.  The  system  was  installed  in  the  spring 
of  1901,  and  200  acres,  in  oats  and  cotton,  were  irrigated.  Medina 
River  flows  only  alx)ut  half  of  the  year,  but  the  plant  is  near  a  large 
pool  in  the  river,  which  will  furnish  a  supply  at  low  stages. 

CARRIZO   SPRINGS  AND   VICINITY. 

J.  S.  Tayhyr  system, — Two  miles  below  the  iron  bridge  across 
Nueces  River,  on  the  road  from  Cotulla  to  Carrizo  Springs,  J.  S.  Tay- 
lor operates  a  pumping  plant  consisting  of  a  25-hor8epower  Buckeye 
engine,  a  30-horsepower  boiler,  and  an  8- inch  centrifugal  pump  having 
0-inch  discharge.  The  lift  is  25  feet,  and  60  acres  of  onions,  com, 
and  oats  are  irrigate<l.  The  water  is  pumped  into  a  surface  reservoir 
of  about  2  acres  area,  located  about  300  feet  from  the  pump.  The 
ditch  leading  from  the  reservoir  to  the  field  is  one-fourth  mile  long. 
The  pnni])  is  TOO  yards  above  the  dam  mentioned  below. 

M.  A,  Taylor  system. — On  the  rancli  of  M.  A.  Taylor  a  dam  has 
been  constructed  across  Xueces  River  about  2  miles  below  the  iron 
bridge  just  refc^rred  to.  The  dam  is  20  feet  high  in  the  center  and 
34  feet  high  on  each  side;  wasteway  50  feet;  length  of  dam  about  170 
feet.     The  dam  is  of  live-oak  log  cribs  filled  with  stones  and  backed 
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flloiieB»  cement,  ^mTel,  and  olay.    The  lake  at  low  water  is  20 

I  deep  and  5  miles  long.    To  mn  the  water  out  on  gravity  the  dam 

have  to  be  built  29  feet  high,  which  would  give  the  water  in  the 

a  total  fall  of  3  feet.    The  dam  can  be  built  35  feet  high,  which 

give  a  storage  head  of  9  feet,  and  would  make  a  lake  10  miles 

The  canal  would  be  1  mile  in  length  and  would  turn  the  water  out 

igmvity  about  1  mile  southeast  of  the  ranch  house.    A  storage  dam 

Ibel  high  and  200  feet  long  is  to  be  constructed  about  three-fourths 

[•mile  north  of  the  soldier  stone  bridge,  which  would  create  a  lake 

ifset  deep  and  10  miles  long.    To  increase  the  height  of  the  present 

itm  to  29  feet  in  the  center  and  40  feet  on  each  end,  making  it  about 

fllOfeet  long,  and  to  build  the  mile  of  canal  G  feet  wide  on  bottom  and 

jiiQi  a  slope  of  ^  to  1,  would  cost  $0,000. 

Arlesian-weU  systems. — At  Carrizo  Springs  artesian  water  can  be 
[eblained  at  a  depth  of  about  100  feet.  Artesian-well  irrigation,  how- 
rifwr,  is  in  its  infancy.  The  wells  100  feet  deep  have  a  slow  flow, 
tiNiough  those  of  greater  depth  show  a  largely  increased  flow.  The 
^ftteraon  well  is  590  feet  deep  and  has  a  flow  of  about  200  gallons  a 
■famte,  while  the  Campbell  well,  5  inches  in  diameter,  has  a  depth  of 
feet  and  a  flow  of  50  gallons  a  minute.  These  wells  have  not  yet 
been  used  for  irrigation,  as  they  were  completed  late  in  1901.  Mr. 
Gampbell  has  installed  a  15-horsepower  gasoline  engine  and  a  5-inch 
eentrifngal  pump  to  augment  his  supply,  and  has  constructed  two 
earth  tanks  having  a  total  area  of  2  acres  and  an  average  depth  of  8 
feet.  A  well  with  a  flow  equal  to  the  Patterson  well  could  irrigate, 
under  economical  distribution,  from  50  to  100  acres,  depending  on  the 
season. 

The  Carrizo  Springs, — No  attempts  have  been  made  to  utilize  the 
flow  of  the  famous  Carrizo  Springs  for  either  power  or  irrigation. 

LEONA  RIVER. 

The  behavior  of  Leona  River  has  been  very  irrej^ular  for  several 
years.  The  Leona  Spring,  the  source*  of  its  supply,  is  in  the  suburbs 
of  Uvalde.  It  was  dry  in  1885,  but  soon  revived  and  continued  flow- 
ing until  1893,  when  it  again  stopped  and  has  not  flowed  since.  In 
1893,  before  the  spring  ceased  to  flow,  a  puiiiping  station  for  the  city 
water  supply  was  built  on  the  banks  near  tlie  spring,  but  a  year  or 
two  after  the  spring  failed,  the  pumping  plant  was  transferred  to  its 
present  location,  within  150  jards  of  the  eourt-honse.  At  the  new 
station  a  pit  15  feet  by  15  feet  by  24  fec^t  deep  was  excavated,  and  the 
pumps  wore  placed  in  its  bottom.  A  well  4  feet  by  7  feet  was  sunk 
in  the  bottom  of  the  i)it  to  a  dei)th  of  10  feet,  or  to  the  40-foot  level 
below  the  surface  of  the  ground,  from  wliieli  water  was  [)umped  to  a 
Ktandpi{)e.  At  first  the  water  rose  in  the  well  to  within  35  feet  of  the 
sarface,  but  in  December,  1807,  it  was  noticed  that  the  supply  was 
failing,  and  it  continued  to  fail  until  May,  1898,  when  a  second  pit 
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10  feet  by  10  feet  by  9  feet  deep  was  excavated  on  the  southwest  side- 
of  the  first  or  main  pit,  and  in  it  a  well  was  sunk  until  its  bottom  was- 
03  feet  below  the  surface.  The  pumps  were  then  placed  in  the  second 
pit,  making  their  position  about  33  feet  below  the  surface.  In  Janu- 
ary, 1809,  however,  the  water  level  had  fallen  so  low  that  it  wa^neo- 
essjiry  to  bore  in  thi^  pump  well  three  wells  of  a  depth  of  from  30  to3£» 
feet,  reaching  a  total  depth  of  98  feet  below  the  surface. 

In  June,  1899,  after  the  heavy  rains  over  southwestern  Texas,, 
known  as  the  Brackett  flood,  the  water  was  standing  at  about  the 
93-foot  level  and  was  slowly  rising.  On  September  16,  19(X),  the 
water  had  risen  to  within  2  feet  of  the  pumps,  or  to  the  35-foot  level. 
In  other  words,  in  fifteen  months  the  water  had  risen  about  58  feet, 
or  nearly  4  feet  a  month.  It  continued  to  rise,  and  on  December  1 
had  reached  tlie  pumps  and  arrangements  were  made  to  raise  them. 
Accurate  measurements  during  September,  1900,  showcnl  that  the 
water  was  at  that  time  rising  in  the  wells  at  the  rate  of  4  inches  a 
month. 

Between  the  Leona  Spring  and  the  brickyard  crossing,  on  the  road 
from  Uvald(»  to  Pearsall,  there  are  several  small  springs  which  i^n- 
tribute  to  the  flow  of  the  river,  the  largest  being  the  Mulberry  Spring. 
During  th(»  early  part  of  1900  this  spring  was  flowing,  but  in  Sep- 
tember of  that  year  its  flow  had  ceased.  On'  December  1,  however, 
it  had  a  flow  of  about  1  second-foot.  In  1895  the  discharge  of  Leona^ 
River  at  the   ])rickyard   crossing  was  11  second-feet,  but  in  June, 

1899,  tlie  river  was  dry  at  the  ford,  and  there  was  no  water  flowing 
between  Uvalde  and  old  Fort  Inge,  4  miles  below.     On  December  17> 

1900,  tlie  flow  at  the  brickyard  crossing  was  5  second-feet. 
There  are  a  number  of  irrigation  systems  along  the  river. 

UPPER  DITCH. 

In  1874  a  dam  of  dirt  and  logs  was  constructed  ai^ross  the  river 
near  old  Fort  Inge.  It  had  a  length  of  53  feet  and  a  height  of 
0  feet.  The  ditch  known  as  the  Upper  ditch  was  taken  out  on  the 
east  side,  the  topography  being  such  that  a  deep  cut  had  to  he  umde 
in  the  bank  of  the  river.  In  all  there  are  about  5  miles  of  ditches  in 
this  syst<Mn,  of  the  usual  depth  of  6  feet  and  of  a  width  of  4  feet. 
Six  hundred  and  thirty  acres  are  irrigated  from  it.  The  crops  raised 
are  corn,  hay,  cotton,  and  onions.  The  yields  i>er  acre  are  30  bushels 
of  corn,  4  tons  of  haj,  I  bale  of  cotton,  and  15,000  pounds  of  onions. 

LOWER  DITCH. 

The  Lower  ditcli  was  constructf^d  in  1871.  It  is  4^  miles  long,  6 
feet  wid(%  and  generally  about  3  fe<^t  deep.  A  dirt-and-log  dam  50 
feet  long  and  G  feet  higli  forces  tlu*  wat(M'  into  tlie  ditcrh.  The  soil  is 
a  ricli  sandy  loam.  '^I'hree  hundred  acres  are  irrigated,  the  crops 
being  corn,  hay,  and  cotton.  The  yield  is  about  the  same  as  along 
thf}  Upper  ditch. 
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COMANCHE  IRRIGATION  COMPANY'S  DITCH. 

In  ZftTalla  Coanty:,  ^  miles  above  Bfttesville,  the  C'OniHiiehe  Irriga- 
turn  Company  has  taken  out  a  ditch  on  the  west  side  of  Tjoona  River. 
(See  fig.  16.)  It  is  2^  miles  long,  7  feet  great<?Kt  depth,  and  4  feet 
wide.  The  dam  that  deflects  the  water  into  the  ditch  is  about  100 
feet  long  and  15  feet  high,  and  was  first  constructed  in  1870,  but  had 
to  be  rebuilt.    The  ditch  at  first  runs  due  west  f n>in  the  lake  formed 
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Fio.  16.— Map  of  Comancho  Irrigation  Cnmijany's  ditoh  n«'ar  Biitt»Kvill«'. 

by  the  dam  for  a  distance  of  alM)ut  1  liirlonir,  Hn<l  th(»ii  curves  to  the 
south,  and  for  2  miles  runs  almost  parallel  witli  the  river,  and  then 
branches,  in  order  to  bring  more  land  under  it.  The  soil  is  a  dark 
sandy  loam  of  great  depth,  rich  and  easily  cultivated,  and  is  known  as 
black  mesquite.  The  company  irrigates  500  acres  of  <*()ni,  oats,  cane, 
hay,  cotton,  fruits,  and  garden  tnu^k.  'J'ho  corn  yields  35  bushels 
and  the  cotton  1  bale  to  the  acre. 
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LOWER  RIO  GRANDE. 

The  Rio  Grande  Valley  forms  one  of  the  most  inviting  fields  for 
irripition  on  a  large  scale  that  c^n  be  found  in  Texas.  At  Browna- 
ville  the  valley  is  35  miles  wide,  decreasing  slightly  upstream  toward 
Hidalgo.  Five  miles  above  Hidalgo  the  width  suddenly  decreaseSi 
and  from  there  on  it  varies  considerably,  being  at  most  a  few  miles 
and  often  almost  nothing.  There  are  from  180  to  200  square  miles 
of  rich  and  fertile  valley  land  that  could  be  brought  into  active  pro- 
duction by  clearing  up  the  land,  constructing  canals,  and  installing 
pumping  machinery.  The  minimum  flow  of  the  river  at  Laredo  is  2,500 
second- feet,  and  remembering  that  1  cubic  foot  per  second  will  irri- 
gate and  keep  flooded  50  acres  of  rice,  it  can  readily  be  seen  that  the 
natural  factors  of  soil  and  water  only  await  utilization  to  inaugurate 
a  successful  rice  and  sugar  industry  along  the  Rio  Grande.  Sytems 
have  already  Imen  built  near  Eagle  Pass,  at  North  Laredo  and  Hi- 
dalgo, and  at  Brownsville  and  vicinity,  as  described  on  th :  following 
pages. 

EAGLE  PASS. 

Dolch  sysf/'m, — Just  below  Eagle  Pass  L.  F.  Dolch  has  put  in  a  large 
pumping  plant  with  which  he  will  irrigate  400  acres  of  the  Rio  Grande 
bottoms.  His  machinery  consists  of  a  1 25-horsepower  Frost  engine 
and  two  80-horsepower  boilers,  operating  two  centrifugal  pumps  of 
14-inch  discharge  against  a  lift  of  45  feet.  Theestimated  capacity  is  22 
second-feet.  Tlie  i)lant  is  on  the  banks  of  the  river,  the  pumps  l>eing 
in  a  pit  31  feet  deep  and  20  feet  in  diameter.  The  water  is  drawn 
from  the  river  through  a  14-inch  suction  pii>e  300  feet  long,  and  is  dis- 
charged through  1,100  feet  of  14-inch  discharge  pipe. 

NORTH   LAREDO. 

In  North  T^aredo,  on  the  banks  of  the  Rio  Grande,  there  are  three 
pumping  plants  for  irrigation. 

Xijf^  .sijsfeni. — The  plant  of  F.  C.  Nye  consists  of  two  OO-horsepower 
boilers  and  a  Quincy  duplex  pump  having  a  capacity  of  800  gallons  a 
minute  (1.8  second-feet)  against  a  head  of  (35  feet.  The  water  is 
pumped  from  a  well  on  the  sloping  banks  of  the  river.  The  well 
extends  below  the  level  of  low  water  and  is  connected  to  the  river  by 
a  pipe.  It  is  well  built,  about  12  feet  in  diameter,  and  is  lined  with 
brick.  The  pump  is  on  a  platform  in  the  well.  Only  12  acres  are 
irrigated,  but  75  acres  could  easily  be  served.  The  pumps  ai"e  usually 
operat(Ml  eleven  hours  a  day,  at  a  <*ost  of  l?7.50  for  I'cpairs,  coal,  engi- 
neer, etc.  The  fuel  used  is  the  Pecos  coal,  which  costs  $1.50  a  ton. 
The  land  is  watere<l  twice  a  month,  and  th(^  yield  is  21,000  pounds  of 
onions  to  the  at^rci  for  unfertilized  l:ind  and  31,000  pounds  to  the  acre 
for  fertilized  land. 

Ldh(jow  aystetn. — The  plant  of  F.  XL  Lithgow  is  about  a  half  mile 
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Mow  ih'>  Nye  plant,  and  consistB  of  a  SO-horsepower  gasoline  engine 
and  an  8  by  10  Van  Wie  triplex  pump,  which  haH  a  capacity  of  4(k> 
Ddlons  a  minute  against  a  head  of  70  feet.  The  water  is  (lelivennl 
^rongli  a  pipe  830  feet  long.  The  cost,  including  oil,  is  $3.25  per  day 
«f  eleven  hoars.  The  engine  runs  without  supervision  and  can  water 
W  aeres  a  day.  The  soil  is  alluvial,  10  feet  deep,  underlain  with  clay. 
Tha  eropa  raised  are  onions,  tomatoes,  cabbages,  carroto,  turnips, 
vatermelons,  and  cantaloupes.    In  all  38  acres  are  irrigated. 

Madrigai  system. — ^The  plant  of  S.  V.  Madrigal,  which  adjoins  the 

lithgow  plant,  consists  of  a  lO-horsepower  Weber  gasoline  engine  and 

aS  Iqf  8  triplex  pump  raising  200  gallons  a  minute  against  a  lift  of  70 

fsei.     One  acre  a  day  is  irrigated,  and  each  section  of  land  is  watered 

every  twelve  to  fifteen  days.    The  pump  is  an  upright  direct-stroke 

and  is  operated  by  a  belt  from  the  engine.     Tlie  suction  pipe  is  a 

4-ineli,  and  the  water  is  pumped  from  a  well  connected  with  the  river 

■milarly  to  that  of  the  Nye  plant.     The  well  is  5  by  5  feet  and  is 

lined  with  timber. 

HIDALOO. 

Closner  system. — At  Hidalgo,  down  towanl  the  mouth  of  the  Rio 
Giande,  is  a  steam  pumping  plant  owned  and  operateil  by  John 
Oosner.  It  consistB  of  a  50-horsepower  engine  operating  a  centri f  ngal 
pomp  having  a  capacity  of  6.7  second-feet.  The  water  is  pumped 
from  the  Rio  Grande,  and  200  acres  of  sugar  cane  and  corn  are  irri- 
gated. The  princii>al  crop  is  sugarcane,  which  is  manufactured  into 
sugar  that  finds  a  ready  market.  This  plant  has  proved  one  of  the 
most  successful  in  Texas,  and  it  is  paying  an  excellent  return  for  the 
outlay. 

BROWNSVILLE  AND  VICINITY. 

Brulay  system, — George  Brulay,  of  Brownsville,  has  a  pumping 
plant  worthy  of  attention.  Is  is  8  miles  below  Bi'ownsville,  in  C-am- 
eron  County,  and  was  completed  and  first  used  in  181)0.  It  consists 
of  two  boilers,  having  an  aggregate  capacity  of  100  horsepower,  and  a 
iS-horsepower  Morris  centrifugal  pump,  having  a  maximum  capacity 
of  8,000  gallons  a  minute,  or  17.82  second-feet.  The  total  lift  is  22 
feet,  and  when  in  use  the  pump  is  run  about  fourteen  hours  a  day. 
It  is  designed  to  cover  300  acres,  but  so  far  only  240  acres,  planted  in 
sugar  cane,  have  been  irrigated.  A  high-grade  sugar  is  made  from 
the  cane  juice. 

Ooodrich  systems, — E.  II.  Goodrich  n^ports  having  installed  a 
10-horsepower  Priestman  engine  in  a  resaea  on  his  place,  i\  miles  north 
of  Brownsville,  in  March,  1807,  but  he  has  used  it  very  little,  owing 
to  favorable  weather  and  to  the  fact  that  the  ditch(\s  are  not  yet 
finished.  With  two  12-foot  windmills  on  the  sjime  place  he  can  irri- 
gate 35  acres.  He  also  irrigates  between  15  and  18  acres  on  his  place, 
3  miles  north  of  Brownsville,  by  means  of  a  14-foot  windmill  pumping 


70  IRRIGATION   SYSTEMS   OF  TEXAS.  (no.  71. 

from  a  well  in  the  bank  of  a  resaca.  The  distance  to  the  water  varies 
from  5  to  12  feet,  and  the  pumps,  wliich  are  three  in  number,  dis- 
charge into  a  flume  connected  directly  with  the  ditches.  The  total 
cost  of  the  latter  plant  was  ♦300. 

Tijerina  system, — Tomas  Tijerina,  Sabos  Cavazas,  and  Pedro  C-erna, 
on  a  farm  about  0  miles  above  Brownsville,  raise  sugar  cane  by 
subirrigation  from  the  Rio  Grande.  The  cane  is  ground  in  an  old- 
fashioned  sugar-cane  mill,  and  the  juice  is  caught  and  boiled  down  to 
a  consistency  that  will  readily  mold.  The  molds  are  of  the  form  of  a 
frustum  of  a  cone  of  about  4  inches  base.  After  the  sugar  is  molded 
it  is  known  as  piloncillo.  It  is  -^  pure  sugar,  is  hard,  breaks  readily, 
and  the  light  varieties  have  a  taste  similar  to  that  of  maple  sugar. 
The  lumps  are  wrapped  in  the  foliage  of  the  cane  and  are  put  up  in 
packages  of  150  pounds,  forming  what  is  exiled  a  cargo,  equal  in 
volume  to  six  American  bushels.  Piloncillo  is  one  of  the  chief  com- 
modities of  the  Mexicans  of  the  Lower  Rio  Grande. 

COIiOllADO  VAIiliEY  SYSTEMS. 

The  irrigation  systems  in  this  section  include  those  in  the  Colorado 
Basin  which  are  within  a  short  distance  of  the  river  or  immediately 
upon  it.  The  Edwards  Plateau  is  drained  on  the  north  by  the  tribu- 
taries of  the  Colorado,  but  the  irrigation  systems  on  those  tributaries 
are  described  in  the  Edwards  Plateau  group,  pages  25  to  51. 

STERLING  COUNTY. 

The  first  systems  along  the  Colorado  or  its  branches  are  in  Sterling 
County,  along  the  North  Concho.  There  are  two  of  them,  one  owned 
by  the  McGee  Irrigation  Company  and  the  other  by  J.  N.  and  J.  H. 
Kellis. 

McGee  Irrigation  Company  system. — This  plant  is  5  miles  from 
Sterling  City.  The  main  ditch  is  on  the  southwest  side  of  the  river. 
It  is  2  miles  long,  has  a  top  width  of  G  feet,  a  bottom  width  of  4  feet, 
and  carries  about  1  foot  of  water.  It  was  begun  in  1892  and  was  first 
used  in  1894.  The  water  is  raised  by  a  loose-rock  dam  125  feet  long 
and  G  feet  high,  built  across  the  river.  The  total  cost  was  $1,500,  and 
it  eommaiuls  250  acres,  only  70  of  which  are  irrigated.  The  principal 
crops,  in  order  of  their  importance,  are  cotton,  corn,  sorghum,  oats, 
sweet  potatoes,  alfalfa,  and  vegetables.  The  ditch  is  kept  in  repair 
by  each  stockholder  doing  his  share  of  the  work. 

Kellis  system. — The  Kellis  plant  was  constructed  in  1889  on  the 
northeast  side  of  the  North  Concho.  The  ditch  is  1  mile  long,  top 
width  G  feet,  bottom  width  4  feet,  depth  2  feet.  The  water  is  deflects 
into  the  ditch  by  a  loose-rock  dam  50  feet  long  and  of  an  average 
height  of  5  feet.  The  soil  irrigat(»d  is  a  loose  gray  loam.  Fifty  acres 
are  served  from  the  ditch,  the  crops  l)ein'g  cotton,  com,  cane,  oats, 
potatoes,  and  Johnson  grass. 
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IRION  COUNTY. 


^1 

^i^ilMrShenrood,  in  Irion  County,  there  are  three  dauiH  acrusH  Spring 
,  the  headwaters  of  Concho  River.    These  are  known  as  the 
^'^t'l^HHMr,  the  middle,  and  the  lower  dam,  and,  although  injured  ccmsid- 
bj  the  floods  of  1900  and  1901,  each  dam  has  its  irrigation  sys- 
in  the  chocolate-colored  loam  of  the  river  valley.    The  upper  and 
dams  are  3  and  3  miles,  respectively,  above  Sherwood.     The 
from  them  irrigate  266  and  216  acres.     The  lower,  or  Stein- 
dam,  is  a  half  mile  from  Sherwood,  and  the  ditch  from  its  res- 
irrigates  153  acres.    The  crops  raised  command  the  highest 
fwket  price,  as  competition  is  practically  out  of  the  question.     The 
Jhrwood  system  commands  in  all  635  acres. 

TOM  GREEN  COUNTY. 

In  Tom  Oreen  County  the  irrigation  facilities  furnished  by  Concho 

Biver  and  its  numerous  branches  and  tributaries  are  among  the  best 

Id  be  found  anywhere  in  western  Texas.     These  have  Immmi  only  imr- 

tiftlly  utilized,  however,  in  separate  systems,  by  individuals  and  small 

OMBpAnies,  making  the  cost  of  maintenance  much  greater  than  if  con- 

aolidiited.    Nevertheless  they  have  l)een  fairly  suec^essful,  and  have 

eeitunly  reduced  the  cost  of  living  in  that  section,  making  fcxMlstuffs, 

eqieciaUy  vegetables,  much  cheaper  and  more  abundant.     Eleven 

plants  are  reported  in  the  county— six  on  the  Soutli  Conclio,  one  on 

the  North  Concho,  one  on  Lipan  Creelc,  and  one  each  on  Si)ring  Creclc 

and  Dove  Creek.     The  location  of  all  of  these  diU*h(\s,  oxcopt  t,h<»  one 

on  the  North  Concho  (the  Williams  or  Joe  Glonn  diteh)  and  tho  one 

on  Lipan  Creek  (the  Kelly  ditch),  is  shown  in  tig.  17.     The  total  area 

irrigated  in  the  county  is  3,500  acres. 

WUliams  or  Joe  Olenn  ditch, — The  diteli  of  Mi*s.  W.  1).  Williams, 
known  as  the  Joe  Glenn  ditch,  is  on  the  North  Concho,  11  miles  west 
of  Water  Valley.  It  is  3  miles  long,  8  feet  wide  on  top,  4  f <m4  wide  on 
bottom,  and  2J  feet  deep.  It  was  lirst  used  in  1S80,  and  is  supplied 
with  water  by  a  rock  dam  across  tin?  river,  100  feet  long  and  of  an 
average  height  of  8  feet.  The  total  cost  of  the  system  was  $3,500,  and 
it  commands  350  acres,  225  of  w hich  have  been  irrigated,  two-thirds 
in  cotton  and  the  remainder  in  different  sorghums  and  oats. 

Olenmorre  farm  ditch. — Two  miles  soiillieast  of  San  Angolo  is  the 
celebrated  Glenmore  farm,  sometimes  known  as  the  Cunningham  farm, 
owned  by  A.  F.  Mabry.  In  1801  a  timber  <lani  of  the  kind  known  as 
"turtle  back,"  74  feet  long  and  of  an  average*  height  of  7  feet,  was 
built  across  the  South  Concho,  and  from  it  a  ditdi  4  miles  long  and  of 
an  average  width  of  0  feet  an<l  an  average  depth  of  14  feet  conducts 
the  water  to  the  land  irrigated.  The  dam  cost  ^4,000  and  the  ditch 
$500 a  mile.  The  soil  is  a  black  sandy  loam,  and  alfalfa,  c(»lery,  cot- 
ton, and  garden  truck  are  produced  in  abundance.     About  20  acres 
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are  eonfimMi  to  a  pirtlen.     The  fainoiis  Glenmore  celery  is 
here.     Ninety  a<.*n*s  an*  irrij^at4*<l,  and  the  yield  of  alfalfa  is 
the  acre. 


Fio.  17.  -Map  Hhowin^  hx-atioii  of  irri^futioii  <liti'h<*s  in  Tom  (ireen  County:  1 
ditrh;  2,  Bisnmrck  dit^-li:  3,  Twin  Mmintnin  (lit<h:  4.  (tanlnor  <lit<*h:  5,  Metcalf 
ditch;  7,  San  J«>He  ditch;  H,  South  ('on<'ho  Jrrijratiou  ('omi>any  ditch;  !»,  Milet^  dit 

Bisviarck  dilch. — The  Bismarck  ditcli,  owned  bv  Joiirs  d- 
San  Angelo,  is  7  miles  soutli  of  San  Anirelo,  on  Uw  east  ^ 
South  Coneho.  It  was  proje<'led  by  the  l><'ii  Ficklein  Irrij 
Manufacturing^  Company,  and  was  eowst  v\u*Ved  \u  1^75.    It 
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U  10  feet  wide,  and  of  an  average  depth  of  2. 9  feet.  A  bmsh-and- 
lock  dam  80  feet  long  and  10  feet  high  deflcots  the  water  into  the  ditch. 
The  dam  cost  tl, 500 and  the  ditch  cost  tOOO  a  mile,  the  total  cost  being 
about  $5,000.  The  soil  is  black  loam;  the  crop  raised  oats,  com,  cot- 
tony fKurgliani,  and  Johnson  grass.  The  yield  per  acre  is  60  bushels  of 
oats,  30  bnshels  of  com,  two-thirds  of  a  bale  of  cotton,  and  3  tons  of 
hay.  Six  haiidred  acres  are  irrigated.  The  most  modern  methods  are 
used  on  this  farm.  The  ground  is  plowed  by  use  of  a  20-horsepower 
traction  eng^ine,  which,  with  three  disk  plows,  breaks  up  25  acres  per 
day.  Two  crops  are  often  raised  on  the  same  land  in  one  year.  When 
the  small  ^rain  is  cut,  a  crop  of  turnips  is  immediately  plaiite<l,  and 
these  are  off  in  time  for  small  grain  in  the  fall. 

Oardner  system, — ^The  plant  of  A.  F.  (Gardner  is  on  the  west  side 
of  the  South  Concho,  12  miles  south  of  San  Angelo.  A  dam  of  brush 
and  rock  70  feet  long  and  G  feet  high,  <!t08ting  $400,  was  (constructed 
in  1883.  It  deflects  the  water  into  a  ditch  2  miles  long,  (>  feet  wide, 
and  of  an  average  depth  of  16  inches.  The  ditch  cost  $250  a  mile, 
makings  the  total  cost  of  the  system  $1K)().  In  all  70  acres  of  sandy 
loam  are  irrigated.  The  crops  are  oats,  cotton,  and  Johnson  grass, 
the  yield  being  60  bushels  of  oats,  two-thinls  of  a  Imle  cif  cotton,  and 
3  tons  of  grasH  to  the  acre. 

Twin  Mountain  ditch, — The  Twin  Mountain  ditch  is  on  the  north 
side  of  the  river,  at  Spring  Creek,  12  miles  southwest  of  San  Angelo. 
It  is  owned  by  Charles  Mott,  of  San  Angelo.  A  wooden  dam  80  feet 
long  and  7  feet  high,  built  in  1885  at  a  cost  of  $2,000,  deflects  the 
water  into  the  ditch,  which  is  3  miles  long,  12  feet  wide,  and  15  inches 
deep,  and  cost  $500  a  mile.  Under  this  system  3(K)  acres  of  black 
loamy  land  are  irrigated.  The  crops  are  oats,  cotton,  and  Johnson 
grass,  the  yield  the  same  as  elsewhere  in  this  locality. 

Metcalf  ditch.— The  Met<?alf  ditch  (owneil  by  Metcalf  &  Sims)  is  12 
miles  south  of  San  Angelo,  on  the  east  side  of  the  South  Concho.  It 
is  4  inllee  long,  with  an  average  top  width  of  12  feet,  a  bottom  width 
of  8  feet,  and  a  depth  of  water  of  1}  feet.  It  was  begun  in  1887,  and 
the  first  mile  was  completed  the  next  year,  but  the  ditch  was  not 
entirely  completed  until  189G.  It  takes  water  by  means  <if  a  brush- 
and-stone  dam  200  feet  long  and  7  feet  lii^h,  whi<*li  extends  across  the 
river.  The  cost  of  the  dam  was  alK)ut  *50(),  the  cost  of  th(»  main  ditch 
$500  a  mile,  and  the  cost  of  the  latcirals,  of  whidi  then*  are  three,  $250 
a  mile,  making  the  total  cost,  with  incidentals,  ^7  to  each  of  the  470 
acres  now  irrigated.  The  repairs,  which  are  maintained  by  the  ten- 
ants, maybe  estimated  as  amounting  in  labor  to  75  cents  an  acre. 
The  crops  are  Johnson  grass,  cotton,  corn,  oats,  wheat,  and  garden 
truck. 

South  Concho  Irrigation  Company  (lifch, — The  plant  of  the  South 
Concho  Irrigation  Company  was  constructed  in  1881.  It  is  on  the 
east  side  of  the  river,  20  miles  south  of  San  Angelo.     The  brush-and- 
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rock  (lam  is  70  feet  long  and  7  feet  high,  and  cost  about  $600.  The 
ditch  is  3  miles  long,  7  feet  wide,  and  averages  10  inches  in  depth.  It 
cost  $400  a  mile.  The  soil  is  rich,  black  loam,  and  the  220  4U*res  irri- 
gated yield  60  bushels  of  oatf^  and  3  tons  of  Johnson  grass  per  acre. 

Sa7i  Jose  Irrigation  Company  difch. — The  dam  of  the  San  Jose 
Irrigation  Company  (of  which  Joseph  Tweedy,  of  Knickerbocker, 
Tex.,  is  the  secretary)  is  on* Dove  Creek,  about  8  miles  from  Knicker- 
bocker. It  is  composed  of  brush,  rock,  and  gravel;  is  900  feet  long 
and  8  feet  high,  and  cost  about  $1,250.  The  annual  repairs  cost  from 
$50  to  $100.  The  dam  deflects  the  water  into  the  ditch,  which  is  6 
miles  long,  8  feet  wide,  and  1^  feet  deep,  and  cost  about  $300  a  mile. 
The  soil,  is  chocolate-colored  loam,  and  1,400  acres  are  usually  irri- 
gated. The  crops  are  oats,  corn,  cotton,  sorghum,  and  Johnson  grass, 
the  annual  yield  per  aci^e  being  40  bushels  of  oats,  20  bushels  of  com, 
three-fourths  of  a  bale  of  cotton,  and  3  tons  of  hay.  This  is  by  far 
the  largest  irrigation  system  in  the  Colorado  Valley. 

Baze  irrigatimj  ditch. — Five  miles  below  the  dam  of  the  San  Jose 
Company  and  3  miles  from  Knickerbocker  is  the  dam  which  feeds  the 
Baze  irrigating  ditch.  This  was  constructed  in  1875  and  is  now 
owned  by  Dr.  Boyd  Cornick  and  others.  It  is  of  wood  and  rock,  48 
feet  long,  and  8  feet  high,  and  cost  about  $500.  The  ditch  is  on  the 
west  side  of  the  creek.  It  is  3  miles  long,  7  feet  wide,  and  1^  feet 
deep.  The  soil  is  similar  to  that  of  the  San  Jose  Comjmny's  tract. 
One  hundred  and  sixty  acres  of  oats,  alfalfa,  and  cotton  are  irrigated. 

Kelley  system, — Twenty  miles  southwe^st  of  San  Angelo,  on  Lepan 
Cre<>k,  is  the  system  of  Mr.  W.  S.  Kelley.  In  1804  he  construct^>d  a 
wooden  dam  40  feet  long  and  4  feet  high,  which  feeds  the  ditch.  The 
latter  is  li  miles  long,  4  feet  wide,  and  about  1  foot  deep.  The  soil 
is  a  sandy  loam.  Forty  acres  of  oats,  Johnson  grass,  and  garden  truck 
are  irrigat^^d.     The  dam  (»ost  about  $150  and  the  ditch  $175  a  mile. 

BROWN  COUNTY. 

Stridden  Pecan  Orchard  Company. — Near  Brownwood,  in  Brown 
County,  about  120  miles  east  of  San  Angelo,  there  is  a  large  area  suit- 
ably located  for  irrigation  on  an  extensive  scale.  In  it  is  the  plant 
of  the  Swinden  Pecan  Orchard  Company,  which  consists  of  a  centrif- 
ugal ])ump  oi)erated  by  an  80-horsepower  engine,  pumping  3,000  gal- 
lons a  minute,  or  G.S4  second-feet.  The  water  is  carried  by  a  flume 
4,000  f(»et  long  to  a  reservoir  formed  by  an  earthern  dam  400  feet 
long  and  of  a  height  varying  from  2  to  15  feet.  The  dam  is  at  the 
foot  of  gently  sloping  land,  and  forms  a  triangular  reservoir  covering 
55  acres.  The  reservoir  is  designc^d  to  irrigate  the  400  acres  of  level 
land  lying  along  th(»  Pecan  Bayou,  from  whicli  the  water  is  pumped 
to  All  it.  A  small  stream  is  also  dammed  and  turned  into  the  reser- 
voir. Th(*  400  aer(\s  commanded  by  the  r(\servoir  are  planted  in  jK^can 
trees,  making  the  larg(\st  orchard  of  that  kin<l  in  the  world.  The 
irrigation  i)l{int  was  put  in  chiefly  to  enable*  the  owners  to  practice 
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i  fflnalag  Uid  the  growth  of  small  frnits  between  the  rows  of 
K  whili'  wmiting  fur  the  Utter  to  mature.     The  soil  m  a  rich  blnc-k 
BtdiixnljUe  colored  loam.    A  Rreat  mistake  was  originHlly  made  in 
Iwing  the  reservoir  so  larfte  and  shallow.     Evaporation  and  Heepsge 
re  in  this  way  increased.     To  reduce  the  loss  by  evaporation  ho 
le  dun  has  been  eonetructed,  decreasing  the  ares  of  the  resenroir. 
dirrigatedfarm. — ^The  Fairland  irrigated  farm,  owned  by 
k  and  brother,  is  a  short  distanco  from  BrownwotKl.     Tw<> 
f  plants  have  been  installed.     The  first  one  consitttM  of  an 
R  singld-saction  centrifugal  pump,  operated  by  ft  SO-horaepower 
Jer  A  Taylor  plain  slide-valve  engine.     With  an  averat^  lift  of 
(  1,0(X>  gallons  a  minute  (&  second-feet)  can   ho  discharged 
h  the  lO-inch  dischai^  pipe.     The  second  plant  consists  of  an 
B  doable  suction  pump  liaving  a  13-inch  discharge  pipe,  and 
D  by  as  80-horsepdwer  Nt^le  engine,  which  delivers  A.IIOO  gnl- 
■a  minute  (11  second-feet)  against  a  head  of  30  ft%t.    Tli**  length 
I*  ditches  is  about  4  miles,  the  width  6  feet  at  top  and  -3  feet  at 
n,and  the  depth  1  foot.     There  are  400  acres  uniler  ditt^h,  and 
I  biles  of  ootton  per  acre  are  producc<l  from  irrigated  land,  while 
^ooe-fourUi  bale  can  be  produced  from  unirrigated  land.     The 
I  plant  cost  $2,000,  the  second  plant  t3,000,  making  a  total  of 
In  1900  high  water  destroyed  the  crop. 
KILLS  COUNTY. 

In  3lillti  County  several  pumping  plants  were  fornierlj'  operated 
along  Colorado  River,  bnt  the  high  water  in  June,  IH'M),  and  in  April, 
1900,  damaged  them  by  either  submerging  the  pumps  or  destroying 
ditches  and  crops  to  such  an  extent  thatsomo  <if  the  owners  were  dis- 
eooraged  and  never  repaired  the  plants. 

LAMPASAS  COUNTY. 
Finiftn  mjntem. — One  mile  east  of  Lanii>ti»iLi  Mrs,  Owen  Finian  for 
yeani  operateil  a  windmill  plant,  the  water  being  pnmiH-d  into  a 
cement  tank  GO  feet  in  tliamot^^'r.  In  1!<01  a  4-liorsepower  gaHciline 
engine  was  added.  This  plant  is  on  the  south  bank  of  the  Sulphur 
Fork  of  T^amiiasas  River,  and  pumps  tin;  water  from  the  {Kind  or  lake 
formed  by  Donovan's  tlam.  The  water  is  raised  -'0  feet  by  a  bucket 
pamp,  and  is  delivered  into  a  flume  wliich  conveys  it  to  the  rement 
tank.  From  the  tank  the  water  i.s  ecmveyed  ti»  the  land  tliroufjh  a 
system  of  ditches.  Fifteen  acres  of  trinrk  gardeii.s  are  Nueeossfully 
irrigatccl.  The  yield  of  oitiinis  and  sweet  poUitiR's  is  excejilionaily 
large.  Below  the  plant  nf  Mi-s.  Finliui  then'  is  a  fertile  valley  that 
could  easily  be  brought  under  diteh. 

TRAVIS  COUNTY. 

Near  Del  Valle,  in  Travis  County,  there  are  two  pump  plants. 

That  ot  Giiorge  Begg  consists  of  a  'JO-horst^powcr  engme,  v;\\\^\\  o^e^t- 

atea it  lO-iiKh  eeatrifugal  pump  Hgrainst  a  lift  of  45  i\M\.\  -i^.W  jwitoa  \u 
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ordinary  crops  will  be  irrigated.  The  plant  of  N.  II.  Shappard  con- 
Hists  of  a  12-hoi*sepow(M*  (Mijirino  operating  a  C-ineh  centrifugal  pump 
against  a  lift-  of  40  feet.  Only  20  acres  were  irrigate]  this  season 
(1902),  but  phms  have  been  formed  to  enlarge  tlie  system  by  adding 
a  45-horsepower  boiler  and  two  10-ineh  centrifugal  ]nimps. 

SY8TKM8  NOIITII  OF  COl^OUAIK)  IlIVER. 

Irrigation  in  this  region  is  rare,  for  two  reasons:  (1)  The  section 
(the  eastern  portion)  where  the  streams  would  furnish  water  for  irri- 
gation has  sufficient  rainfall  to  raise  crops  unaided;  and  (2)  the 
western  portion,  including  the  Staked  Plains,  has  no  streams  available 
for  irrigation,  the  undei*ground  waters  are  still  undeveloped,  and  the 
construction  of  impounding  reservoirs  has  commended  itself  neither  to 
private  enterpriser  nor  to  public  favor. 

BELL  COUNTY. 

Hoover  system — One  mile  west  of  Killeen,  in  Bell  County,  A.  J. 
Hoover  luis  shown  what  could  l>e  done  by  windmill  irrigation.  Ilis 
plant  consists  of  a  Dandy  windmill,  13  feet  in  diameter.  The  water 
is  pumped  from  a  pool  100  feet  from  the  windmill,  and  is  forced 
through  3(X)  feet  of  3-inch  pipe  into  an  earthen  tank  50  by  100  feet, 
ahmg  the  track  of  the  Gulf,  Colorado  and  Santa  Fe  Railroad.  The 
water  is  elevated  14  feet.  Five  and  a  half  acres  of  garden  are  irri- 
gated.    A  ready  market  is  found  for  all  vegetables  raised. 

BURNET  COUNTY. 

There  ar(^  three  small  systems  in  Burnet  County,  two  from  springs 
and  one  from  the  Colorado  River.  The  latter  receives  its  water  from 
the  dam  of  the  Tanner  Brothers,  at  BluflTton,  and  30  acres  are  irrigated 
from  this  plant.  Ten  miles  west  of  Hurnet,  Mr.  Williams  irrigates  15 
acres  in  a  truck  gardc^n,  the  water  being  obtained  from  a  spring.  A 
similar  plant  is  locaUMl  10  miles  scnitli,  at  Marble  Falls. 

WILLIAMSON  COUNTY. 

Then»  are  a  f(»w  small  patches  irrigatcKl  in  the  west.ern  and  central 
part,  but  these  consist  of  only  a  few  acres.  Early  in  1902  II.  T.  Sterns 
installed  a  pumping  plant  5  miles  north  of  Taylor  to  irrigate  ordi- 
nary crops.  The  water  is  derived  from  San  (Gabriel  River  by  means 
of  a  13-horsepower  Charter  gasoline^  engine  operating  a  3-inch  Van 
Wie  centrifugal  i)ump.  The  dry-land  corn  around  Taylor  was  burne<l 
up  by  the  drought  of  1002,  and,  as  in  the  other  central  portion  of 
Texas,  it  was  cut  for  fodder.  Ilowevi^r,  tlie  irrigat^nl  corn  of  Mr. 
Stern  afforded  a  severe  contrast  to  the  dry-land  corn  of  his  neighbors; 
while  theirs  was  virtually  burned  up,  his  was  as  abundant  as  that 
grown  on  tlie  best  black  land.  The  soil  irrigatiMl  here  is  in  the  black 
waxy  strii),  which  is  known  as  the  richest  lands  in  Texas. 
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Hie  few  small  syHteius  refi*rre<l  t<>  alMive  nn^i  l(K*at<*d  alon^  llio  Sati 
iel  and  iJerivo  tlieir  water  from  spriiip^.  Tli<»  plant  of  II.  K. 
les  is  ht  iiiiU»»  \v(\st  of  <ic»orjjet.owii,  an<l  ln»  iiTipit(»s  I/i  a<*n»s  in 
itoes,  sw€N?t  potatoes,  In^ans,  «»!(*.,  from  the  old  Knight  spring. 
[Johnlschy,  4  miles  west  of  (iiH)rgetown,  irripiteH  a  triiek  pinlen  of 
jieresfniin  tiie  old  Harper  spring;  whiU*  the  plant  of  \V.  11.  Dona- 
llbn.  3  miles  west  of  (icorj^otown,  on  the  Middle  (tabriel,  irri;rat4»s 
[btniokfarni  from  asprin;r,  in  two  levels,  the  hiwest  Ueinj^  irrigated 
hNDtlK' ditches  that  lead  I'nnn  the  sprin<^,  and  the  iii>]>er  by  means 
rfa windmill  that  raises  the  water  .*JA  feet. 

MILAM  COUNTY. 


•Wi 


y*»Hr  Camei-on,  Milam  County,  tiv4»  pumpinj;  plants  were  installed 
wnewhat  late  in  the  scmson  of  \U()2.  Four  of  these*  take  tluMr  wat4»r 
from  Little  River  and  the  other  from  a  s[)rin^.  The  plant  of  ]\l<*Lanei^ 
Cniiiis  2  miles  sonthwest  of  Cameron,  on  the  southeast  hank  of  IJttle 
Biner,  and  eonsists  of  a  ltH)-horsepow(»r  l»oih*r,  a  7.')-horseiM)W(»r 
Olgiiie,  and  an  >^-ineh  Van  Wie  i)ump  working  against  a  lift  of  27 
bet.  The  farm  eonsists  (»f  the  rieh  hiaek  shell  bottom  lands,  with  an 
idmlxture  of  s^ind  n(»ar  the  river  banks.  The  San  Antonio  and 
Aransas  Pass  Railway  passes  through  this  farm  on  a  hi^h  tivstle- 
work.  The  cotton  and  eorn  had  just  b(H»n  watere<l  when  tlie  August 
floods  completely  submerji^ed  a  lar<r(^  part  of  the  (M-op,  killing:  <*<>ni  and 
wtton  and  making  tlie  season's  work  a  <M)mi)let(»  loss.  The  ])lant  of 
J.  M.  ('rain  ecmsists  of  a  l(>-horse])ow<'r  <Mij;ine  and  a  ^Nineh  eeiitrifu- 
jiral  pum])  working  against  a  lift  of  i^O  feet.  However,  no  results  were 
ohtained,  on  aeeount  of  the  overflow  nient ioned  above.  The  island 
fann  of  John  1>.  Mel.ant*  lies  almost  south  of  Cameron,  on  the  south 
side  of  Litth*  River,  and  its  topography  is  such  that  the  <liteli(»s  have 
a  jr«Kxi  fall  as  they  leave  tin*  river  bank.  A  h^vec  along  the  river 
hank  abov«»  the  pumping  plant  shr)nld  b(»  const ruete<l  to  protect  tin* 
lands  fnun  destructive  overflows  of  the  river.  The  prestMit  plant 
eonsists  of  a  iM)-horsepo\vei' engine  which  oj)erates  a  ')-inch  \'an  Wit* 
centrifugal  pump  against  a  lift  of  i'7  W^i^i.  There  aie  175  acres  in  the 
farm,  and  it  is  int(MidiMl  to  add  heavier  machin<'i\  in  order  to  iiM*rease 
the  a<'ii»age.  Jnst  wi'st  of  the  city  waterworks  plant,  on  the  north 
Imnkof  the  river,  T..  V.  lUanchard  has  an  irrigated  truck  garden  of  'JO 
aeres.  The  water  is  obtained  from  the  river  by  means  of  a  1  ")-horse- 
IM>w«*r  stationary  steam  engine  which  oi)erates  a  l-in<'h  centrifugal 
puinp.  The  land  is  very  ri<*h,  antl  two  ci'ops  are  readily  i-aised  (»aeh 
season.  The  ♦J-aen*  tru(*k  ganleii  of  S.  .1.  Ilrooks  is  a  mile  west  of 
Cameron,  and  is  irrigated  from  a  res<'r\  oir  diiectly.  Vlw  water  from 
a  spring  is  pii)e<l  to  a  fish  pond,  fioni  which  it  is  pumped  into  the 
ditches.  The  plant  consists  of  a  •J.r)-hoise|)owei'  Weber  gasoline 
'•ngine  which  o|MM"ates  a  L'-in<*h  rotary  pump  a«i:ainst  a  lift  of  0  feet. 
The  hind  irrigated  was  formerly  an  old  quagmire. 
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STAKED  PLAINS. 

The  staked  Plaiii8  is  a  great  plateau,  alKmt  36,000  square  miles  te 
extent,  with  an  almost  flat  surface  which  gradually  rises  from  aa 
elevation  of  3,000  feet  to  4,500  feet  above  sea  level.     Flowing  watCff 
except  from  a  few  springs,  is  almost  unknown.     The  soil  is  of  such  a 
character  that  it  rea<lily  al)sorl>s  the  rain  that  falls  upon  ijb,  whioh. 
percolates  downward  and  is  reached  in  wells  from  40  to  200  feet  i& 
depth.     Many  of  these  wells  are  capable  of  furnishing  a  supply  almosfc 
inexhaustible  to  ordinary  means  of  pumping.     The  soil  is  often  tot^ 
dry  to  l)e  successfully  cultivated  without  irrigation,  which  can  \m 
practiced  only  by  means  of  water  raised  by  pumps.     Pumping,  how- 
ever, is  most  easily  accomplished  by  means  of  windmills,  which  aro 
remarkably  successful  in  this  region,  owing  to  the  almost  eonstanft 
winds  which  sweep  across  the  plains.     Windmills  liave  been  used  for 
nmny  years  to  furnish  water  for  stock,  and  they  have  been  tried  suor 
cessfully  on  a  small  scale  for  irrigation.     The  settlers  of  the  plains 
have  learned  to  appixiciate  the  value  of  devices  of  this  character  for 
raising  wal^r.     Reservoirs  or  tanks  are  almost  always  used  in  conneo- 
tion  with  the  mills.     The  sides  and  lK)ttoms  of  these  are  made  imper* 
vious  by  turning  in  a  little  water  and  puddling  the  soil  by  driving 
horses  or  cattle  al)out  in  it  for  a  day  or  more. 

Morrison  system, — About  the  c^Miter  of  the  Llano  £sta<^do  or  Staked 
Plains,  in  Ilale  County,  T.  W.  Morrison  owns  a  plant  consisting  of 
two  Aermotors,  8  and  12  fe(»t  in  diameter,  respectively,  pumping  from 
wells  50  feet  deep,  with  wal<*r  20  fec^t  below  the  surface.  Each  wind- 
mill lifts  the  water  35  feet.  One  wheel  is  usi^d  for  supplying  the  1*681- 
dence;  the  other  pumps  into  a  reservoir  125  feet  long,  100  feet  wide, 
and  4  feet  deep,  and  irrigates  10  acres,  l)e8ides  furnishing  water  for 
the  stock.     These  wheels  have  been  in  use  since  181)1. 

Wayland  and  Herbert  systems, — J.  II.  Wayland,  of  the  same 
county,  has  three  Aermotors  pumping  from  wells  35  to  60  feet  deep 
into  a  reservoir  300  feet  long,  75  feet  wide,  and  6  feet  deep,  irrigating 
10  acres  in  1901.  The  total  cost  of  wells,  pumps,  wheels,  and  reser- 
voir was  §505.  The  t^)tal  cost  of  the  plant,  which  must  include  land 
and  fencing,  is  given  as  il,00O.  W.  P.  Herbert  also  irrigates  5  acres, 
and  C.  E.  McClelland  states  that  there  are  at  least  50  families  in  Hale 
County  prepartKl  to  irrigate  by  windmills  from  5  to  20  acres  if  the 
season  rendera  irrigation  necessary,  but  for  the  last  two  years  the 
seasons  have  l)een  so  good  that  irrigation  has  not  been  practicetl. 

SYSTEMS  NORTH  OF  TEXAS  PACIFIC  RAILROAD. 

Then*  nro,  hundreds  or'  windmill  plants  north  of  the  Texjis  Pacific 
Railroad.  In  the  <*()unties  of  Haskell,  Shackelford,  and  Young,  in 
fact  in  nearly  all  the  counties  east  of  the  one  hundred  and  first  merid- 
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tkero  are  amall  garden  pstehes,  varying  in  size  from  one-sixth 

»lkree-fonrtliB  of  an  aere,  irrigated  by  windmills.    Fifty  replies  to 

sent  out  by  the  writer  have  not  shown,  with  the  exception 

to  in  fhese  notes,  a  windmill  plant  that  irrigated  more  than 

acve.    Two  windmill  plants  of  Haskell  County  (those  of  W.  II. 

and  H.  H.  Nesbett)  are  typical  of  them  all. 

€Md  Netbett  systems, — ^The  plant  of  W.  II.  ParHons  eon- 
of  a  Dandy  windmill  4  feet  in  diameter,  pumping  from  a  well 
iirigating  1  acre.  The  plant  of  11.  II.  Nesbett  couHiHts  of  an 
10  feet  in  diameter  and  a  4-foot  well  38  feet  deep;  depth  to 
31  feet.  This  wheel  irrigates  3  acres  of  black,  sandy  soil. 
t-Mnjnolds  Land  and  CattU  Company, — The  Reynolds  Land  and 
Company,  near  Channing,  Hartley  County,  irrigates  40  acres 
a  spring.  The  principal  crop  raised  is  alfalfa,  but  a  small 
of  fruit  trees  and  a  garden  are  also  irrigated.  The  orchard 
of  apples,  peaches,  pears,  plums,  and  graiies.  The  under- 
water supply  in  the  neighborhoiKl  of  this  ranch  has  not  proved 
>nt  to  irrigate  more  than  small  ganlens. 
MaOyen  system, — F.  II.  Rathjen,  of  Mobectie,  Whin^ler  County, 
60  acres  of  com  and  alfalfa,  from  Williams  Creek,  wliich  is 
by  springs.  The  creek  is  5  miles  long  and  there  is  sufficient  water 
feed  the  quarter^mile  ditch.  The  soil  irrigated  is  a  red  loam. 
Kempner  d:  Lasher  system. — ^Messrs.  Kempner  &  Laskcr  have  con- 
ttructed  a  dam  across  Holiday  Creek,  alK)ut  5^  miles  south  mid  20 
dfif^rees  west  of  Wichita  Falls.  It  is  of  earth,  3,0()0  feet  lonj?,  35  feet 
high  in  the  creek,  25  feet  high  for  1,100  fei^t,  and  about  9  feet  high  at 
the  north  end.  There  are  two  wings,  one  5,100  feet  long  and  tlie  other 
abont  7(K)  feet  long,  making  a  total  length  of  8,800  feet,  or  1^  miles, 
and  containing  150,0(X)  cubic  yards  of  material.  The  watershed  is 
estimated  to  be  150  square  miles.  The  creek  is  generally  drj^  but 
aometimes  has  a  large  flood  volume  passing  down  to  Wichita  River. 
The  reservoir  formed  has  a  capacity  of  13,0CK)  acre-feet  and  covers 
2,050  acres.  It  is  estimated  that  it  will  irrigate  from  4,0(X)  to  S^{)O0 
acres.  Part  of  this  dam  was  washed  away  in  May,  1001,  but  it  is 
stated  that  it  can  easily  be  repaired. 

LIMESTONE  AND  COMANCHE  COUNTIES. 

Slubenrauch  system. — At  Mexia,  in  Limestone  C-ounty,  J.  Stuben- 
much  has  been  very  successful  in  the  use  of  a  small  irrigation  plant 
for  fruits  and  vegetables.  The  plant  consists  of  a  dam  aeross  a  ravine, 
catching  the  storm  waters  and  forming  a  tank  covering  about  an  acre 
of  ground.  From  this  the  water  is  lift-ed  to  a  height  of  25  feet,  by  an 
8-foot  windmill,  into  an  earthen  r(»s<^rvoir  50  feet  long  and  loO  feet 
wide.  The  reservoir  is  now  being  enlarged,  to  have  double  its  ])resent 
capacity.     The  total  cost  of  the  system  was  $300,  including  700  feet 
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of  piping.  Seven  acres  have  been  irrigated,  but  it  is  estimated  that 
15  acres  could  be  watered.  Mr.  Stubenrauch  has  put  in  another  sys- 
tem, with  a  reservoir  covering  an  acre  of  ground,  the  dam  having  a 
height  of  5  feet  above  the  outlet  pipe.  For  filling  the  reservoir  he 
uses  a  12-foot  wheel.  lie  pumps  from  a  storage  tank  made  by  dam- 
ming a  ravine.  The  dam  on  top  is  fully  10  feet  wide,  and  both  the 
reservoir  and  the  storage  tank  hold  water  like  a  jug.  The  total  cost, 
including  600  feet  of  2^-inch  pipe  for  discharging  water  into  the 
reservoir,  was  $485. 
Mr.  Stubenrauch  says: 

For  the  gardener  or  fruit  fanner  there  is  no  investment  bringing  in  larger 
returns  than  an  irrigation  plant  similar  to  what  we  have  here.  In  the  very  driest 
season  300  bushels  of  sweet  potatoes  to  the  acre  are  easily  grown,  which  can  be 
disposed  of  during  August  and  September  at  one's  own  prices.  In  1899  there 
were  grown  some  of  the  finest  cauliflowers  ever  produced.  Dozens  of  heads 
weighed  over  6  pounds  each.  Have  irrigated  fruit  only  the  jxast  season  (1900). 
Five  acres  irrigated  as  a  truck  farm  near  a  good  market  are  worth  more  to  the 
owner  than  are  75  acres  without,  of  similar  land  for  the  same  purpose. 

Lee  system, — One  and  one-half  miles  from  the  town  of  Comanche 
W.  T.  Lee  irrigates  5  acres  from  an  8-inch  well  95  feet  deep.  The 
water  is  pumped  by  a  windmill  into  a  circular  reservoir  100  feet  in 
diameter  and  6  feet  deep.  This  reservoir  was  formed  on  a  knoll,  by 
scraping  the  earth  from  the  central  space  into  the  leveed  embank- 
ments. From  the  reservoir  the  water  is  conducted  in  different  direc- 
tions by  3-inch  pipes  and  by  ditches.  The  cix)ps  raised  are  chiefly 
garden  vegetables  and  such  fruits  as  pears,  peaches,  apricots,  grapes, 
and  blackberries. 

WACO  AND  VICINITY. 

In  the  suburbs  of  Waco,  on  both  sides  of  Brazos  River,  pump  irri- 
gation has  proved  a  paying  investment.  This  is  well  established,  not 
only  by  the  data  furnished,  but  by  the  fact  that  many  are  enlarging 
their  plants  and  adding  better  machinery. 

Plants  east  of  Waco, — Two  miles  east  of  the  city  there  is  a  cluster 
of  a  half  dozen  plants,  all  doing  a  successful  business.  E.  Pordo  has 
a  surface  well  10  feet  deep  and  G  feet  in  diameter,  walled  with  brick. 
Ordinarily  the  water  stands  3  feet  in  the  well.  A  small  centrifugal 
pump,  having  2-inch  discharge  pipe,  le'sts  on  the  well  covering  and 
is  operated  by  a  l-horsepower  gas  (mgine  of  local  make.  The  head 
\^  23  feet,  into  a  flume  8  inches  by  (>  inches  and  125  feet  long,  which 
empties  into  an  earthen  tank  00  feet  by  00  feet  on  the  inside.  The 
system  is  reenforced  by  two  Kirkwood  windmills,  which  pump  into 
elevated  wood<»n  tanks  of  5,000  gallons  capacity  each.  The  windmills 
are  100  an<l  2oo  f(*(*t  northeast  of  the  tank,  and  each  pumps  out  of  a 
well  of  the  sam<»  depth  as  the  one*  just  (J<»scribed.  With  good  winds  the 
windmills  will  supply  suflicient  water  to  irrigate  the  3  acres.  Adjoin- 
ing the  i)lant  of  Pordo  is  that  of  Robert  Etheson,  in  all  respects  sim- 
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ilartothat  of  the  former.  The  plant  of  (^luirlos  Mvim-s  <*nnsists  nf  a 
4-horsepower  I^inl>ert  ^as  oii<i:ino  oporatin^  a  ])lunjror  ])iiinp.  Tho 
well  is  32  feet:  deep,  and  the  lift  from  the  wat«»rto  tlie  flum(»  is  .'JS  feet. 
The  water  is  pumpod  into  a  wooden  lank  of  •>,;$< m)  piUons  capacity, 
from  which  it  is  distribnted  lo  the  pinh^ii  through  four  outlet  pipes 
U  inehes  in  diainet4.*r.  Instea<l  of  eonv4\vinj^  the  wat<M*  to  the  different 
sections  of  land  by  diteh(»s,  a  system  (»f  l.J-ineli  pipes  is  us(h1.  The 
land  is  watered  from  the  pipes  by  means  of  a  hose,  or  simply  by 
removinjir  the  eap  of  tin*  hydrant.  It  eosts  r».")  r(Mits  a  day  to  o]H'rate 
the  en«:;in4»  for  twelve  hours.  The  soil  is  blaek  loam,  slightly  impreg- 
nated with  sand.  The  plant  was  first  us<m1  in  IS'.U.  Ten  ae res  are 
irri|;:atiKi,  although  double  that  amount  eould  be  irri^at<Ml  l)y  th<»  enpno 
and  the  auxiliary  >nndmill.  Near  the  plant  of  .Mr.  MytM's,  Fred  Stalte 
irrigates  4  jm'ivs  by  the  use  of  a  small  gasoline  <*ngin«»  and  a  win<iniill. 

Efheson  sysU^ni, — One  mile  north  of  the  for<»going  eluster  of  plants, 
near  Brazos  River,  A.  Ethe.son  irrigat<*s  Ii*  aeres  l)y  the  use  of  a  gas 
engine  pumping  from  a  surfa<*e  well. 

Distnukes  .stjshin, — In  Kast  Waeo  Kd  K.  Dismukes  irrigates  10 
aeres  with  a  ♦J-liorsepower  gasoline  engine  an<i  a  eylinder  pump.  At 
present  the  water  is  pumped  out  of  a  <»-ineh  pipe  <lriven  into  1:?  feet 
of  water.  The  well  whi«'h  formerly  exist«Ml  was  filled  up  and  the 
0-inch  pipe  substitutiMl  for  it.  The  pijn*  is  s«*reened  to  pn»vent  elog- 
ging  by  the  san<l.  Tlu»  siu'tion  pipe  is  '2  inelu^s  in  diam(»t^»r  and  th<» 
lift  i>  feet.  The  water  is  pumped  inl(>  a  tank  '>n  feet  l»y  l^n  feel  liy  A 
feet  deep,  from  which  it  is  distributed. 

Faulkncrst/sffm. — About  1]  miles  north  of  Waeo  is  tht*  fruit  fjlrm 
and  garden  of  C.  Faulkner,  a  Iraet  (*oii!ainiiig  about  Inn  acres.  Of 
this  about  350  aeres  are  planted  in  fiuit  (pears,  pt^aehrs,  I>ur])ank 
plums,  apples,  an<l  blackberries),  and  about  .')(»  or  in  acres  form  a 
gartlen  in  which  v<*getabh\s,  strawberries,  and  mark<*t  pi'odu<'e  an* 
grown.  The  garden  tract  and  a  portion  of  that  containing  fruit  trees 
(the  late  fruits)  are  irrigated  from  i-eservoirs  or  tanks  on  tlir  liigh<»st 
points  of  the  fi<^ld,  the  water  being  supplied  b\  an  artesian  well.  'I'he 
tanks  are  five  in  number,  an<l  eonsist  of  f«»nr  levees  thrown  up  to 
form  a  r<?ctangular  or  i-oughly  eii-eular-  basin  in  whi<'h  the  water  rises 
to  a  sullieient.  h<»ight  to  be  eonduetrd  by  gia\  ity  t  hi'ouLrh  pip«*s  and 
ditches  to  all  parts  of  the  tield.  ( )ne  of  the  tairks<'o\ers  about  \\  aen's 
and  has  an  av<'rage  de|)th  of  water  nf  s  iVet.  'I'w(>  »»!'  iImmh  ai'e  about 
12o  feet  by  !.')(>  feet- and  av«-iage  '•  t'ei't  <lej»ih  ot"  watei*:  the  remaining 
two  are  smaller.  The  well  was  sunk  in  l-^'.'S,  i^  l,s;»n  fiM-t  (h«ep,  has  a 
l«)-ineh  <*asing  for  about  -<•  feei  fmm  the  gronn<l  surlaee,  ami  a  <)-inch 
ilelivery  pipe.  Tin*  water  has  a  tempeiat nie  of  nbont  K'n  1''.,  and  is 
under  a  g(K)d  pressure*.  It  leavesa  slight  whited«'j)osit  on  thegriuind 
irrijEC^ted — so  slight  that  it  appeals  moi-e  like  white  fi-ost  tiian  any- 
thing else — which,  it  is  said,  does  not  in  any  way  injure  the  veg<»ta- 
tion.      The  water  is  condneted  fi*om  thetanks  in  tlitehes  ( piped  under 
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the  roads),  and  is  distributed  by  side  ditches  and  furrows.  The 
average  yield  of  pear  trees  is  about  10  bushels,  of  peach  trees  about 
5  bushels,  and  of  Burbank  plums  (the  only  kind  grown)  5  bushels. 
Apple  trees  have  not  yet  begun  to  bear. 

RICE   IKKIGATIOX  SY8TEMS. 
GENERAL   FEATURES. 

The  rice  l)elt  of  Texas  (fig.  18)  extends  from  Sabine  County,  on 
Sabine  River,  to  the  Rio  Grande,  and  at  present  includes  two  well- 
developed  zones  (the  Beaumont  and  the  Colorado  Valley),  which  raise 
75  per  cent  of  the  rice  grown  in  the  State,  and  several  detached  areas 
that  are  sure,  with  good  management,  to  be  the  forerunners  of 
extended  systems  in  their  respective  localities. 

In  the  Beaumont  section  the  land  is  a  level  prairie,  which  heretofore 
has  cut  very  little  figure  as  an  industrial  factor.  It  is  very  flat, 
some  of  it  having  a  slope  of  only  1  foot  in  5,000  feet,  and  generally 
requires  small  levees  and  low  lifts  at  the  pumps.  This  flat  section 
extends  along  the  coast  from  Sabine  River  to  the  Rio  Grande.  The 
250-foot  contour  above  sea  level  is  from  50  to  125  miles  from  the 
Gulf,  while  the  strip  20  to  30  miles  wide  along  the  shore  rises  only  a 
few  feet  above  sea  level. 

In  addition  to  this  coastal  belt  the  rice  section  has  since  1897  been 
rapidly  spreading  back  from  the  coast  until  it  has  reached  Cuero, 
Fayetteville,  and  Hempstead  on  the  west.  In  the  flat  sections  the 
water  is  often  obtained  from  bayous,  and  is  frequently  so  impreg- 
nated with  salt  sea  water  that  injury  to  the  rice  occurs.  Rice  must 
have  an  abundant  supply  of  fresh  water  and  a  soil  that  is  rich  enough 
to  nourish  the  plants  and  compact  enough  to  hold  the  water,  and  it 
is  being  successfully  grown  in  Texas  wherever  these  factors  are 
grouped,  and  where  they  do  not  exist  naturally  money  and  brains 
are  grouping  them  with  a  twentieth-century  effectiveness.  No  longer 
is  the  rice  belt  restricted  to  the  old  bayou  country,  but  along  the 
Brazos,  the  Colorado,  the  Guadalupe,  and  the  Rio  Grande  more  than 
100  miles  from  the  coast  a  high-grade  rice  is  grown. 

In  addition,  the  irrigation  of  rice  from  wells  will  certainly  prove  of 
greater  benefit  to  the  Texas  farmers  than  all  of  the  big  irrigation 
plants  combined.  The  latter  method  of  irrigation  is  in  its  infancy, 
but  it  is  certain  to  become  the  chief  factor  in  rice  production  in  the 
State.  The  plant  of  George  Vick,  2  miles  east  of  Eagle  Lake,  is  but  the 
pioneer  of  many  that  will  be(*ome  established  when  the  small  farmer 
can,  with  a  nominal  outlay,  convert  his  flat  lands  into  a  successful  rice 
farm.  A  well  12  feet  in  diameter  and  34  feet  deep  (7  feet  of  w^ater), 
a  traction  engine  to  supply  power,  a  submerged  pump,  an  open  box 
for  a  flume,  a  canal  easily  constructed — total  cost  $2,200 — constitute 
Mr.  Vick's  (»qiiipment.     With  this  125  acres  of  excellent  rice  were 
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■in  1900.     Thin  plant  is  now  owned  by  }IudBou  A  Ayrvn,  uud  is 

1  to  later  in  Uiese  page*. 

>ri«e  Imnd  is  laid  off  in  Becttons  or  "outm"  bu  that  tlw  extreme 

t  in  elevation  will  not  exceed  6  inohes.     The  size  of  the  uutA 

■  witb  the  chamcter  of  the  lopo(;raphy.     A  out  is  surrounded  by 

■or  dikes,  to  hold  the  water,  and  it  may  be  that  a  hillock  or  hole 


will  occur  ill  a  cut.  Tlu'we  cun  !«■  iyiion-il,  liowiivcr,  foi'  lice  pro<iuces 
nntil  time  and  the  flow  will  levt-l  ilic  nne  nr  fill  lliontlicr,  Tlic  water 
la  pumped  to  the  land  by  stj'Hiii  iwwer,  wjilcr  jiower,  or  wiinliuiU»,  by 
Eftrthe  greateut  part  of  tlif  work  in  Texas  lH>iiit;  dono  by  Htcnm. 

From  the  l»e«t  infMnnatiun  ol>tainHbl('  in  ivcstfrn  Louisinua  and 
eastern  Texaw  it  seems  In  Im-  t)ii>cr>iiwiiHUN<)f  iipii) inn  that  it  i-iH}uires 
Ignllonti  of  water  a  iniiiule  for  cai-h  acre  nf  ric«',  or  1  second-foot  to 
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each  5(1  aores.  In  the  Beaumont  section  the  rainfall  often  reduces 
the  pumpintf  considf  rably.  During  1800,  a  wet  year,  some  pumps  were 
operated  only  four  days.  But  a  dry  neason  will  require  the  pumps  to 
furnish  the  entire  !)  gallons  a  minute  for  each  acre,  and  it  is  not  good 
engineering  to  estimate  on  less  than  that  quantity,  which  is  equivalent 
to  12,0fiO  gallons  per  twenty-four  hours  per  acre.  If  x  is  the  number 
of  acres  to  ^»  iri-igated  and  y  the  lift  in  feet,  the  weight  of  water  to  be 
supplied  each  second  is  1.25  x  pounds,  and  the  work  done  each  se<'- 
ond  in  pumping  this  amount  is  1.2.5  xy  foot-iwiinds.     The  theoretic 

horsepower  reijuinwl  would  therefore  be  jVii- 

Thus  for  X  =  1,(K>0  acres  and  for  a  lift  of  y  =  2a  feet  an  engine 
exerting  50  absolute  horsepower  would  be  required.     The  eHtlniated 
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Flo.  19.— Diagram  showini;  liurBuixiwcr  rcquirwl  [or  v«riuUB  lifts  and  acreoBnt. 

or  claimcil  horsepowci-s  i,i  engines  should  Ik-  tested  or  reduced  by  a 
substantijil  fracliuii  if  disapiKiintnient  in  Ihe  cai>acity  would  Iw 
avoided. 

By  the  aid  <)f  lig.  in  a  person  can  at  a  ylancc  determine  the  horse- 
power required  1(1  irrigate  a  tract  of  land.  Oiven  (he  lift  and  the 
num1>cr  u(  acivs  to  In-  inj^ali-d,  to  lind  tlic  h"rsi'|>owcr  of  the  engine 
first  find  tlic  lifl  on  tlie  sloping  lines  (say  24  feet)  and  follow  that 
line  to  the  vertical  line  which  eoi-rcspiinds  with  llie  numlwr  of  acn'.s 
to  be  irrigated  (say  l.KKl),  Hicn  follow  llic  intersecting  horizontal  line 
to  tlic  left.  aTid  read  off  the  hor.sciiowcr  required — in  this  case  4S— but 
in  ordi'i'  to  iiLsiire  a  safe  margin  an  engine  of  fid  lu)rse]>ower  should  1h' 
pr'H'urod,  and  if  the  lnn-sep{)wcr  of  Ihc  engine  is  ba.sed  on  the  claims 
of  ngenis  ;i  still  larger  margin  should  be  alhiwed. 

FiirsoMii'  platils.  owing  to  the  c.iiitnnrof  Hiegnmnd,  inon-  than  one 
lift  is  reijuireil,  atnl   nn)re  tlmn  otic  |)inriping  station  is  nceessary,  the 
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*piimpi]ig  oapadty  of  each  station  being  the  saniA,  but  the  machinery 
in  «ie  station  being  heavier  than  that  in  the  others,  depending  on  the 


By  means  of  flomes  the  water  is  led  from  the  pumps  to  the  canals, 
and  from  the  main  canals  is  turned  into  the  laterals  from  which  it  is 
distributed  over  the  land.  The  main  canals  are  usually  very  wide, 
being  in  most  cases  intended  to  act  as  reservoirs. 

The  first  experiments  with  growing  rice  in  Texas  were  in  1862,  the 
farmers  depending  on  the  rainfall  to  furnish  the  water.  But  this 
trusting  to  Providence  in  the  matter  of  rice  cultivation  did  not  pay, 
and  to  insure  success  pump  irrigation  was  resorted  to.  The  culture 
of  rice  by  irrigation  began  about  1893.  Prior  to  that  time  it  had  been 
grofwn  in  only  a  small  way  in  ponds  and  marshes  for  home  use.  The 
metiiod  of  growing  rice  on  a  large  scale  by  irrigation  and  with 
improved  machinery  is  comparatively  new,  and  is  peculiar  to  the 
Southwest.  Unlike  Georgia  and  the  Carolinas,  where  rice  is  still 
grown  in  the  old  way,  the  rice  being  planted  in  rows,  the  field  fiooded, 
and  the  water  drawn  off  several  times  during  the  growing  season,  in 
Texas  rioe  is  sowed  on  comparatively  high  land  with  drills  or  broad- 
eaaty  is  out  with  self-binders,  and  is  thrashed  from  the  shock  or 
■tadked,  to  suit  the  convenience  of  the  farmer.  The  same  kind  of 
maehineiy  is  used  in  raising,  harvesting,  and  thrashing  rice  that  is 
used  with  other  small  grain,  the  only  differemre  in  the  cultivation 
being  that  rice  lands  are  fiooded  after  the  rice  is  up  to  a  height  of 
from  3  to  6  inches.  The  water  kills  the  grass  and  weeds  and  causes 
the  rice  to  grow  rapidly. 

In  from  ten  to  twenty  days  (dejiending  on  the  grower  and  the  nature 
of  the  soil  before  harvest)  the  levees  on  the  lower  si<le  are  opened  and 
the  water  is  drawn  off  by  means  of  the  ditelies  made  in  throwing  up 
the  levees.  For  some  plants  this  draina^xo  reciiiires  more  engineering 
skill  in  the  arrangement  of  the  levees  tlian  in  making  them  fulfill  all 
the  requirements  for  feeding  tlie  land  with  wat(M\  In  Texas  the 
practice  is  to  sow  the  rice  any  lime  from  April  15  to  June  15.  It  is 
kept  fiooded  from  ninety  to  one  hun<lred  an<l  ten  days,  one  hundred 
days  being  the  average.  From  1]  to  1 J  biisliels  are  sown  to  the  acre. 
The  land  is  plowed  and  harrowed  and  prepare<l  as  foi-  wheat.  The 
outfit  or  equipment  varies  witli  the  acreage.  After  th<»  rice  is  planted 
and  the  water  is  turned  on  etcMiial  vigilance  is  ncM'cssary  to  keep 
canals  and  ditches  in  order,  to  prevent  breaks  and  the  consequent 
waste  of  water  and  drowning  out  of  part  of  the  cro]).  It  is  by  no 
means  an  easy  crop  to  manager  From  the  lirst  Hooding  until  liarvest- 
ing  the  work  is  a  muddy  history  of  i)atiencc.  Just  before  the  crop 
ripens  the  water  is  drawn  off  to  permit  tho  ground  to  hanlen  enough 
to  bear  the  binder.  If  the  rains  set  in  at  this  critical  time  it  entails 
additional  expense  anr]  trouhlo  to  save  the  crop.  h\  \>\\\s  A'v^^V^eX^  XJcvfe 
rice  fHrmers  away  from  the  coiuHt  have  an  immense  advauXia^'^,  loiX 
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there   the  rainfall   ai(l8  durini;:  the   flooding  period   and   does   not* 
jeopardize  the  crop  during  the  time  of  har\'e8t.     While  the  cost  of 
pumping  is  more  in  the  western  part  of  the  rice  belt,  the  surety  of  an 
undamaged  product  will  always  overl>alanc*e  the  additional  expense. 

BEAUMONT   SECTION. 

The  irrigation  sj'stems  in  the  Beaumont  section,  which  comprises  the 
counties  of  Jefferson,  Orange,  Lil)ert3',  and  ('hambers,  are  shown  in 
the  maps  forming  figH.  20  and  21,  and  an*  desc;ribe<l  on  the  following 
pages. 


Pio.  20.  -  Map  MliowiiiK  irrifnitirm  Ky»t«»m8  in  the  ca«torn  half  of  the  Beaumont  flection. 

1.  Oeorge  Gill.  «.  Southoru  Riro  uiid  Tnist  17.  Port  Arthur  Rice  Company. 

2.  J.  H.  (farlaiiil.                                     Company.  1«.  Do«  Moin©»  Irrigation  O^im- 

3.  J.  C.  Ward.  10.  C.  A.  Plact*.  pany. 

4.  JefferHon  County  Rioe  Com-  11.  Mr.  Davis.  1!>.  Cow  Bayou  CV^nal  and  Irri- 


pany. 
f).  J.  H.  HoopoH. 
«.  Lovell  Brothers. 
7   Ed.  Mrjoriv 


12.  S<'humiwher  &  Fox. 

I'i.  Cameron  &  MrClnnv 

U.  Viterbo  Brothers. 

15.  B(*Aumont  Rice  (\»mi)any. 


^tion  ComiMtny. 


».  Gulf    Ri<re    Growing    Cou»-    1«.  McFadden  &    WiesK   Coin 


I»ny 


jmny. 


BBADMONT  SKOHON. 
JBFrKIWOK  COUKTT. 


Of  »ll  the  counties  of  Texas  in  wliich  the  people  have  tried  rice 
■<rin^  "by  means  of  irripttion,  Jefferson  Connty  undoubtedly  ntands 
■t  in  tjztent  of  acreage  and  in  sncoeBBf  ul  culttTation. 


1   ai.  '-Vmp'ibowimriinmti 


tbi>  w(«tt>m  liaK  lit  the  nvAQimntV  snAVm. 
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The  rice  farms  and  plantations  are  in  two  general  districts,  one  in 
the  vallej^s  of  Taylors  and  Hillebrandt  bayous,  above  their  junction 
in  the  southern  part  of  the  county,  aiid  the  other  along  the  valleys  of 
Neclies  Hivi^r  and  the  Pine  Island  Bayou.  All  of  the  farms  owned 
and  operated  by  individuals  are  on  Taylors  and  Hillebrandt  bayous. 
There  are  also  in  the  county  five  rice-growing  companies,  known  as 
the  Beaumont  Rice  Company,  the  McFadden  &  Wiess  Company,  the 
Port  Arthur  Rice  Company,  the  Jefferson  County  Rice  Company,  the 
Southern  Rice  and  Trust  Company,  and  the  Gulf  Rice  Growing 
Company. 

The  following  is  a  list  of  the  rice  irrigators  in  the  county,  arranged 
in  order  going  downstream : 

Rice  irrigators  in  Jefferson  County. 


Name. 


Stroam. 


Taylors  Bayou  ( S. ) 

do 

do 


George  Gill 

J.G.Garland 

J.C.Ward 

Jefferson  County  Rice  Co do 

J.H.Hoopes I  Taylors  Bayou  (N.) 

BighamBros I do 

P.S.Lovell I do 

Ed.  Moore J do 

Gulf  Rice  Growing  C3o .|  Hillebrandt  Bayou  (SW.). 

C  A  Place  .-  -      I         do 

Southern  Rice*  and  Tioist  Co." . . . . '. ...      "...!!  |  Hillebrandt  Bayou  (NE.)! 

Cameron  &  McCluro do 


Acres  irrigated. 


1900. 


1908. 


euD 


do 

Pine  Island  Bayou. 


Viterbo  Bros 
Beaumont  Rice  Co 

McFadden  &  Wiess  Co j  Nei.'bes  River 

Port  Arthur  Rice  Co , do 

I  Wells 


1,200 
8S0 
100 
160 
450 
900 
560 

aoo 

1:3,000 

None. 

4,000 


1,500 
750 
7U) 

2,300 
600 
400 

7eo 

60 

900^ 

600 

900 

680 

950 

I5.O0O 

9,000 

8,500 

1,480 


Total 


44,380 


General  descriptions  of  the  plants  are  given  on  the  following  pages; 
also,  where  obtainable,  the  opinions  of  the  growers  in  reference  to 
time  of  sowing,  disposal  of  the  straw,  nature  of  the  land,  and  other 
convictions  drawn  from  experience. 

The  dry  season  of  1902  caused  the  impregnation  of  Taylors  and  Hil- 
lebrandt ])avous  with  salt  water,  and  the  10,000  acres  of  rice  on  these 
ba^'ous  suffered  accordingly.  It  is  claimed  that  the  ship  canal  from 
Sabine  Pass  to  Taylors  Bayou  has  incr(»ased  the  danger  from  salt 
water  in  these  bayous,  and  attention  is  Ihm-c  called  to  the  necessity 
of  a  dam  across  Taylors  Bayou  at  the  mouth  to  keei)  l^Ji^k  salt  water. 


TAYLOltS   BAYOU, 


Gill  sf/sfenf. — Gooi^go  Gill's  farm  is  the  westernmost  irrigating  from 
Taylors  Bayou.  The  soil  is  of  (day,  with  no  sand,  and  is  very  hard  to 
plow.  Mr.  Gill  uses  the  drill  and  also  sows  l)roadcast,  but  he  recom- 
mends the  former  method,  llis  yield  has  av(»raged  7  sacks  an  acre. 
There  are  two  eomj)lete  pumping  ])laiits  on  th(^  farm.  One  consists  of 
an  Ivens  rotary  pump,  having  a  capacity  of  l),0()0  gallons  a  minute 
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a  liffe  of  12^^  feety  and  a  Skinner  engine  and  SO-horaepower 
lade  by  the  Ck>liini1ria  Boiler  Works.  The  other  plant  consistB 
taMenge  pomp,  having  a  capacity  of  300,000  gallons  an  hour  against 
of  3  feet,  and  a  Taylor  componnd  engine  and  a  boiler  of  the 
■ake  and  steaming  capacity  as  that  of  the  other  plant.  The 
ia  6  feet  wide,  2  feet  deep,  and  24  feet  long.  The  main  canal 
iiO  feet  wide  and  3  miles  long,  with  several  laterals.  The  total  cost 
\1ibfb  eqaipment  was  about  $5,000.  Mr.  Gill  irrigated  400  iu*.res  in 
\f  600  acres  in  1900,  and  900  acres  in  1901.  For  all  pur|)oses  he 
^innamends  low-speed  engines  (though  both  of  his  engines  are  high 
I)  and  slow-speed  pumps,  as  they  seem  to  give  better  satisfaction. 
Garland  system. — J.  O.  Oarland's  farm  lies  along  Taylors  Bayou, 
about  20  miles  southwest  of  Beaumont.  The  soil  is  very  sticky, 
allhough  it  works  well  when  dry.  Mr.  Garland  sows  either  with  a 
iiill  or  broadcast,  from  March  20  to  about  June  10,  and  uses  the 
Mdinary  binder  in  reaping.  While  thrashing  he  saves  sufficient 
for  feeding  purposes  and  bums  the  surplus.  For  the  first  rice 
Irrigation  is  b^^un  about  May  20,  depending  on  the  season,  and 
Ijbeontinaed  until  almost  time  of  harvesting.  The  yield  from  this 
ind  has  been  10  barrels  to  the  acre,  the  price  of  seed  from  $3  to  $5  a 
^InreL 

He  uses  one  pump,  of  the  Menge  pattern  (manufactured  by  the 
flitate  of  Joseph  Menge  at  New  Orleans,  La.),  having  a  capacity  of 
15,000  gallons  a  minute  (33  second-feet)  under  a  lift  of  8  foot.  A 
75-hor8epower  Skinner  engine  drives  the  pump  by  means  of  rope  trans- 
mission. The  boiler  used  for  steaming  has  a  c^ipacity  of  'JO  hoi*so- 
power,  and  was  manufactured  by  the  Union  Iron  Works  and  Skinner 
Engine  Works,  of  Erie,  Pa.  There  are  two  laterals — one  a  half  mile 
long  and  the  other  three-fourths  of  a  mile  long.  The  total  cost  of  the 
plant  was  about  $2,700.  With  this  equipment  ."Vlr.  (Jarland  irrigated 
600  acres  in  1899  and  750  acres  in  1902. 

Ward  system. — The  farm  of  J.  C.  Ward  is  tlie  next  one  on  the 
south  side  of  Taylors  Bayou.  Thi^  soil  is  generally  sandy,  with  a 
good  clay  foundation  near  the  surface  of  the  ground.  II is  m<'tliods  of 
sowing,  cultivating,  and  reaping  are  as  follows:  Beginning  about 
March  1,  he  continues  to  sow  until  the  last  of  May,  using  either  the  drill 
or  sowing  broadcast.  Irrigation  is  begun  a  Innit  the  1st  of  June,  though 
this  depends  upon  the  weather.  When  matured,  the  rice  is  harvested 
with  binders,  and  then  thrashed.  All  tlu^  straw  needi^d  for  feeding 
purposes  is  saved,  the  remainder  is  usually  burned.  The  average 
yield  has  been  10  barrels  (35  bushels)  an  acre,  for  whicli  Mr.  Ward 
has  received  $3  a  barrel.  There  are  two  complete?  pumping  plants  on 
the  farm.  The  pump  at  the  larger  station  is  of  the  Menge  tyi)e,  with 
a  capacity  of  720,  (XX)  gallons  an  hour  {f7  second-feet).  A  l()0-liorse- 
power  Atlas  engine  is  installed,  with  only  an  8()-hoi'sopower  Atlas 
boiler.     At  the  other  plant  there  is  a  500,000-gallon  Menge  pump,  an 
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engine  of  local  make,  and  only  a  SO-horeepower  lK)iler.     The  lift 
each  case  is  9  feet.     The  larger  plant  cost  $5,000,  the  smaller  o 
$1,5(X).     The  flume  is  60  feet  long,  12  feet  wide,  and  4  feet  deep; 
box  part  is  constructed  of  2-inch  planking.     The  main  canal  is  fr 
GO  to  40  feet  wide  and  2  miles  long,  and  has  several  large  latei 


Fi«.  22.  -Map  <»f  Jefferwm  (Nmnty  Rii'e  ('omi»ny'H  farm.  «howinii:  irrigation  canals. 

Imuiching  off.     Mr.  Ward  irrigated  about  400  acres  in  1899  and 
acres  in  1900,  hut  the  plant  is  now  leased  to  Bigham  Brothers. 

Jefferson  Couniy  Rice  Coinpunij  .stj.stefN. — The  farm  of  the  Jef 
son  County  Rice  (Company  is  17  miles  from  Beaumont,  and  is  the  1 
one  on  the  south  side  of  Tayloi's  Bayou,  all  the  land  below  be 
marehy  and  subject  to  ovim  flow  from  salt  water.  Two  pumps,  < 
22-inch  Marri  and  one  15-in<»h  Tv<»i»s,  of  capacities  of  20,000  and  7, 
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aminate,  respectively,  raise  the  water  from  the  bayon  against 
of  15.1  feet.     The  engines  are  of  the  Erie  make,  of  capacities  of 
and  50  horsepower,  respectively.    The  boiler  is  of  the  same  make, 
has  a  steaming  capacity  of  200  horsepower.    The  flume  is  12  feet 
3  feet  deep,  and  180  feet  long,  and  discharges  into  a  canal  100 
wide.    The  soil  is  a  deep,  black,  sandy  loam  and  has  a  clay  sub- 
In  1899  it  yielded  8  sacks  to  the  acre.    This  farm  has  l)een  irri- 
six  years.     Fourteen  hundred  acres  were  planted  in  1899,  but 
number  was  reduced  to  about  800  acres  in  1900.     In  1901  about 
acres  were  irrigated.     PI.  VII,  ^4,  is  a  view  of  the  pumping  sta- 
The  smaller  pump  was  installed  in  1896,  the  larger  (a  150- 
>power)  in  1898.     The  company  owns  10,424  acres  of  land,  which 
have  divided  into  quarter  sections  and  thrown  oi)en  to  actual 
lers.    So  far  3,800  acres  have  been  sold  to  settlers,  on  the  crop- 
lent  plan,  at  from  $20  to  $25  an  acre,  one-half  of  the  crop  being 
in  to  the  company  until  the  land  is  paid  for.     The  highest  point 
the  farm  is  at  the  pumping  station,  and  this  enables  the  company 
flood  the  whole  tract  without  additional  lifts  by  pumping.    To 
ire  a  full  supply,  a  reservoir  covering  500  acres  has  Ixien  con- 
icted,  with  an  average  depth  of  4  feet  and  a  capacity  of  2,000  acre- 
or  1,300,000  gallons.     A  map  of  this  farm  showing  the  irrigation 
is  shown  in  iig.  22. 
Hoopes  system. — J.  H.  Hoopes's  farm  is  in  the  lowlands  made  by 
ijlors  and  Hillebrandt  bayous.     Some  of  the  soil  is  black  and  waxy, 
jiome  is  black  loam,  and  some  is  sandy,  but  all  has  a  clay  subsoil. 
Ihe  yield  has  been  from  8  to  12  sacks  to  the  acre.     A  Meuge  pump, 
f  i&anuf actured  in  New  Orleans,  with  a  capacity  of  16,000  gallons  a 
minute,  furnishes  the  water.     The  pump  works  against  an  average 
lift  of  10  feet,  varying  with  the  stage  of  the  water.     An  Erie  engine 
of  60  horsepower  is  used,  and  an  Erie  boiler  of  the  same  steaming 
capacity.     The  flume  is  32  feet  long,  9  feet  wide,  and  1  foot  deep, 
;  instructed  of  1-inch  boainls  and  lined  with  galvanized  iron,  wiiich  is 
/  an  exception  to  the  ordinary  flume  in  this  district.     The  main  canal 
is  100  feet  wide  and  1  mile  in  length.     Six  hundred  acres  were  planted 
in  1890,  400  acres  in  1900,  and  600  acres  in  1902.     The  total  cost  of 
the  plant  was  about  $4,000. 

Moore  system. — Mr.  Ed.  Moore's  farm  is  near  the  Iloopes  farm. 
The  soil  is  a  mixture  of  clay  and  loam.  The  yield  last  year  was  below 
the  average,  being  onl3^  from  6  to  8  sacks  to  the  acre.  He  uses  an  Ivens 
centrifugal  pump  having  a  capacity  of  20(),()(X)  gallons  an  hour  against 
a  lift  of  17  feet.  One  60-hoi-sepower  engine,  of  the  Cleveland  make, 
operates  it,  steam  being  supplied  by  a  75-horsepower  boiler.  The 
flume  is  200  feet  long,  3  feet  wide,  and  1  foot  deep.  The  canal  is 
from  15  t^)  30  feet  wide  and  2  miles  in  length.  One  hundred  and  fifty 
acres  were  irrigated  in  1809,  100  acres  in  1900,  and  60  acres  in  1902. 
Biyhatn  system. — The  plant  of   Bigham  Brothers  is  on  the  north 
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Hide  of  Taylors  Ha^^ou,  near  Labello.  It  conRisis  of  two  pumpH 
ing  discharge  (H»iiHt<K»k  2  b}'  3  feet.  The  lift  of  one  pump  is  8 
the  other  pump  12  feet.  The  power  is  supplied  by  tw(j  engines  o^  ^ 
and  80  horsepower,  respectively.  The  water  is  raised  into  flum€i9  ^ 
and  100  feet  long,  and  these  discharge  into  the  main  canals,  whJ^' 
are  a  half  mile  and  3  miles  long,  respectively.  There  were  400j 
in  rice  in  181)9,  1,200  acres  in  1900,  and  1,200  acres  in  1901,  noti 
standing  the  unusual  severity  of  the  latter  season.  The  yield  in 1! 
was  8,000  sacks,  commanding  $3  a  sack.  The  soil  is  a  black  1< 
and  is  well  suited  to  rice  culture.  This  firm  operates  the  J.  C.  Wi 
farm. 

Lovell  system, — The  plant  of  the  Lovell  Brothers  (Willard  G.  Lov^JJ 
manager)  is  on  the  north  banks  of  Taylors  Bayou.  It  consists  of 
Ivens  pump  having  a  21-inch  suction  pipe  and  an  18-inch  disci 
pipe,  and  estimated  to  have  a  capacity  of  18,000  gallons  a  minute  (i 
second-feet)  under  a  maximum  lift  of  18  feet.  The  plant  is  run  by 
Houston,  Stan  wood  &  Gamble  engine  of  100  horsepower.  With 
engine  efficieucy  of  75  i)er  cent  this  can  pump  only  275  gallons  a 
ond,  or  1G,5(X)  gallons  a  minute.  The  flume  is  146  feet  long,  10  fec^'' 
wide,  and  3  feet  deep.  The  length  of  the  main  canal  is  3^  miles,  ili^ 
width  50  feet.  One  mile  of  the  laterals  is  20  feet  wide,  1^  miles  ar^ 
15  feet  wide,  and  a  half  mile  of  them  is  10  feet  wide.  In  1899,  1,10C3 
acres  of  rice  wei*e  sown;  in  1900, 850  acres;  in  1901,  850  acres;  and  isM 
1902,  700  acres. 

HILLEBRANDT  BAYOU. 

Southern  Rice  Company  system, — The  plant  of  the  Southern  Rio^ 
Company  is  th(^  northernmost  diverting  water  from  Ilillebrandt 
Ha.\()u.  It  is  about  12  miles  south  of  Beaumont.  The  plant  is 
equipped  with  Ivens  pumps  having  22-inch  suction  pipes  and  21-inch 
discharge  pilK^s,  oiK^rated  ])y  a  l()0-horsepower  Chandler  &  Taylor 
engine,  estimated  to  have  a  capacity  of  15,000  gallons  a  minute  (33 
secoud-f(»et)  under  a  lift  of  13  feet.  With  an  engine  efficiency  of  70 
per  c(^nt,  71  horsepower  will  do  this  work.  The  water  is  delivered  by 
the  pumps  into  a  Hume  150  f(»et  long,  8^  feet  wide,  and  4  feet  deep. 
Th(»  main  canal  is  U  miles  long  and  75  feet  wide,  and  delivers  into 
latiM-als  12  feet  wide.  The  soil  is  black,  with  a  clay  subsoil.  Water 
was  rented  in  1899,  when  2(.H)  acres  of  rice  were  sown,  yielding  2,000 
sacks,  which  sold  for  *2.7()  a  barrc^l.  The  amount  sowed  in  1900  was 
900  acn^s,  yielding  7,00()  sacks,  which  sold  for  *3  a  barrel.  In  1902 
about   91)0  ac*res  were  sown. 

Gulf  Hire  (rrowiuy  Company  system. — The  farm  of  the  Gulf  Rice 
Growing  Company  is  10  miles  southwest  of  Beaumont  on  Hillebrandt 
Hayou.  Tlu*  lift  is  about  12  feet,  and  th(^  water  is  pumped  by  a  90- 
horseiK)wer  engine.  The  soil  is  a  clay  loam,  300  acres  of  which,  in 
rice,  were  irrigated  in  1902. 

Place  sjjstefn. — Tin*  j)lant  of  C.  A.  Place   has  one  Morris  pump 
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rinp  l5-in«h  suction  and  12-ineh  dischargo,  operated  by  »  25- 

npawcT  WestingbouHe    "Junior"   engine,  Imviiig   a    iita.\iniiini 

aeitjof  10,000  gallonR  a  miuato  (2'J2  second-fot't)  HKiiiiist  h  lift 

|t lit  feet.    Tbe  water  in  delivered  into  a  flnnit^  iIS  f<>et  lout;, -I  feet 

le,  anil  2  feet  deep,  which  in  turn  delivei-M  it  inlo  tlir*  <-aiiiil,  whicli 

ftlmile  long  and  60  feet  wide.     The  Hoil  in  elay  and  lilni-lc  loam,  with 

■nhsoil.    Two  hundred  and  fifty  acres,  in  rit^,  W(>r<'  irrigat^-d  in 

1, 45)1  acres  in  1900,  and  Itetween  450  ami  500  aun's  in  inui.     Tho 

Id  in  liKO  was  :1.4i)0  (nacliA,  comnianding  4 :i  a  naek.     'I'lii'  |>lant  cost 

I'revioiis  to  ISUH  other  i>arti<^^  owning  tliis  farm  had  Irrigated 

■  Ciiiiif.ron  &  McClure  mjslem. — The  rioo  plautalion  lM<longing  to 
f  IfaffiM.  Cameron  &,  MoL'liire  is  on  lM>th  Hides  of  Ilill<-))ran<H  Itayou. 
il  it>  light,  hut  it  has  a  fine  clayHtibsnil  wliich  retains  Ihc  waler 
IxU.  The  rice  is  sown  from  Man^li  -Ih  to  May  1,  and  IT  llie  season  ts 
I  lot  rainy  in*igation  is  begun  when  tlie  rice  is  alioiil  'i  iiii-lit-s  high. 
ITV  yield  has  l>een  from  7  to  10  sacks  to  llie  acns  and  llie  price 
Imetred  ranges  from  81.:?5  to  *:J.4(),  The  lower  |>rii'cs  wore  ii'ceivcil 
I  for  rice  of  poor  quality,  mucli  of  it  l>eing  tlaniagcl  liy  wliai  is  tcraied 
The  reaping  is  done  witti  the  ordinary  Iiarvcslcr  anil 
lliiiider.  The  jwners  of  the  plantation  have  fonnd  tliat  llic  straw 
I  ukes  very  good  hay. 

Owing  to  the  farm  being  on  both  sides  of  the  liayou,  Ihcre  arc  two 
I  (omptcte  pumping  plants.  Atone  of  theplantsthcrcisin  use  it  <i-ro<it 
[  )fcngppump,  having  a  capacity  of  l:i,iH!Hl  gallons  a  aiiiiiitc  (l'7  sci-ond- 
J  ff^t)  against  a  head  of  Idi  feet.  The  cngiiK-  is  of  the  Skinner  tyiM", 
I  of  a  capacity  of  75  hoi-sepower,  ami  receives  steam  from  a  JitO-Jiorse- 
I  power  boiler.  The  other  plant  has  h  li-inch  pump  of  tlic  \'un  Wie 
I  make,  which  has  a  capacity  of  7,51*0)  galloiiH  a  minute  ( 1 7  MM-nnd-fect) 
I  Sfniinst  a  head  of  101-  feet.  This  pump  is  niu  iiy  ii  4n-li()rsc]i()wer 
I  ^kiiincr  fugine  which  is  supplied  witii  s1<-ai(i  iiy  a  .'lU-liorscpinvcr  Van 
I  IVie  iMiilcr. 

llie  flunu-s  are  40  und  Ol)  feci  in  loii^'lli,  II'  aud  ■•<  U->-\  wi.l.',  aii<l  12 
'   inches  deep.     They  aiy  constructed  of  -l-iiich  liy  i-iuch  liinlK-r  in  Ihc 
fients,  while  the  sides  and  lK>ttom.s  arc  made  of  U'-iiicli  (ilanking. 

Four  huTidrpfl  an.l  flfty  a<Tcs  were  iiriiialci  duriuj;  Die  year  IsiHt, 
.^i.jii  acres  ill  KMXi,  and  HHii  acres  in  litnj. 

Tiferbo  Jirttfliers  nijNlfUi. — This  system  is  11'  or  I  I  miles  si  ml  Invest 
of  B«'rtunifmt.  (Jne  Mcnge  pumi.,  e.isliiig  ^.-ii")  jin.l  haviri-a  eapacily 
of  2.i,f«"HijriiUons  a  minute  against  a  lift  i.f  7  feet,  is  nse.l.  Two  lioii- 
era,  t'tii-h  of  nO  horsepiiwer,  furnish  the  steam  ti>  a  7'j-liursi -power 
engine.  Tlie  canal  is  4o  feet  wiOc  ami  l'J,  miles  iu  li-ngtlt.  A  n-scr- 
voir,  <*ovcring  an  area  of  l'l'.'i  iiercs  anil  liaviii};  a  dcprh  of  ri  fei't,  holds 
Ihesloragc  water.     There  arc  I,i)("i  acres  Icvce.i  in.  Imt  not  all  of  this 

is  planted  in  rice.     TIk-  yield  on  this  lami  lias  I n  from  7  to  l>i  sacks 

t(»  the  acr-e.      Si.\  liuiidre<I  aercs  were  sown  in  ISlHi,  lido  acres  in  HKM), 
7'M)  acres  in  1''01,  and  !'5o  ucrcs  in  11H)2. 
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PIKE  ISLAND  BAYOU. 


Beaumont  Irrigation  Company  system. — ^This  company  ha8  bei 
operating  the  largest  rice  plantation  in  Texas.  It  is  in  the  northa 
part  of  Jefferson  County,  lying  along  the  south  side  of  the  Pine  Islai 
Bayou.     There  are  two  lifts.     The  first  one  is  at  the  crossing  of  ti 
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Fig.  23.— Elevation  and  section  of  flume  of  Boaumont  Irrigation  Comiiany. 

Southoni   Pacific  Rjiilroad,  and   miiSes  the  water  from  Pine  Isla 
Bayou.     Until  1890  there  were  at  this  lift  two  Connersville  compou 
blower  pumps,  each  having  a  cai)acity  of  25,0(X)  gallons  a  minute, 
each  of  these  pumps  was  attached  one  Hamilton-Corliss  engine  of  : 
horsoi)ower,  steam  ]x>iug  supi)lied  by  3()0-horso power  boilers.     In  11 
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another  pump  of  the  same  capacity  was  inHtalle<l,  with  a  correHpond- 
ing  engine  and  boiler.  The  pumps  work  a^ainHt  a  lift  of  31  fm.%  and 
kave  always  given  satisfaction.  They  are  15  feet  above  the  water  in 
the  bayoUy  and  force  the  water  10  feet  into  the  flume.  Wood  is  use<l 
altogether  for  fuel.  The  flume,  shown  in  elevation  and  He<*tioii  in  flg. 
f3,  is  4  feet  deep,  21  fwt  wide,  1,5(H)  fei»t  lonu,  and  hiw  a  total  fall  of 
only  4  inches.  The  box  part  is  coiistructe<l  of  l-inc*h  by  1  ^-iiu^h  planks, 
the  floor  and  sides  l)eing  double  planktnl,  and  all  joints  broken  and 
tarred.  Tlie  floor  rests  on  r»-inch  by  0-inch  sills,  whi(!h  an*  supi>orte<l 
hy  four  6-inch  by  0-inch  uprights.  The  dist^mcc  lK»twe<»n  the  l>ents  is 
4  feet.     The  canal  is  liK)  feet  wide. 

For  3  or  4  miles  from  this  lift  the  land  is  coven»d  with  pine  growth 
and  is  somewhat  broken.  The  portion  covered  with  tiniln^r  would  be 
expensive  to  prepare  for  cultivation,  and  that  broken  could  not  be 
irrij^ated.  So  the  water  has  to  Ik*  carried  to  almost  tin*  s(H*(»nd  lift 
before  the  fanns  art*  readied.  The  whole  plantati(»n  is  on  th<»  jirairie, 
the  land  fiH'adually  rising  fi*om  the  first  lift.  It  is  a]N)ut  5  miles  from 
the  first  lift  to  the  second  lift,  where  the  water  is  raiwMl  1 1  feet.  The 
pumps  here,  both  the  two  old  ones  and  the  new  one,  have  the  same 
capacity  and  are  of  the  same  make  as  those  at  the  first  plant,  but 
owing  to  the  low  lift  they  are  of  li^hU^r  construction.  The  engines 
also  are  of  the  same  make,  and  ai*e  of  150  horm*power  each.  The 
same  may  be  said  of  the  boilers,  the  steamin^r  capacity  of  whi(»h  is  200 
horsepower.  The  flume  is  similar  to  the  one  at  the  first  plant,  but  it 
is  only  about  200  feet  long. 

It  is  estimated  that  about  8135,()0()  has  been  expended  on  this  plan- 
tation. The  company  irriji^ated  about  5,(MK)  acres  in  IS^JMi,  a  large  pail 
of  which  was  rented  to  individuals.  In  \\iO()  li\()0()  acres  wen*  irri- 
irated,  4,(KX)  of  which  wen?  cultivate*!  l)\'  the  (rompany,  the  remainder 
being  rtmted  to  37  individuals.  The  <*ustoni  of  renting  is  to  charge 
2  sacks  (102  [Mjuuds)  an  acn*  for  water  alono  and  2  additioiuil  sacks 
where  the  company  rents  the  lan<l,  making  a  total  of  4  sacks  an  acn* 
when*  lK)th  land  and  water  an*  r<*nled.  The  average*  yi(*l<!  on  this 
plantation  is  al>out  lo  sacks  to  the  acre,  though  some  of  th(*  tracts  may 
run  up  as  high  as 20  sacks.  The  canals  and  lat<»rals  follow  the  general 
contour  of  the  ground.  Ma<*hinery  has  been  a<ld<*d  from  time  to 
time,  till  now  (liM)2)  tin*  river  plant  has  thre«'  :j/i(i-hors(*power  and 
two  25(>-horsei)Ower  engines  and  two  oJ'.-ineh  and  two  4S-ineli  C'on- 
nersville  and  one  OO-ineh  Roots  pumps,  while  at  the  second  lift  there 
are  two  2(X)-hors<*iH)wer  and  two  12o-horsep<»wer  engines  and  two 
30-inch  Connersville  and  two  .^Mncli  Morris  pumps.  In  11K)2  there 
were  irrigated  14,015  acres. 

Port  Arthur  Irrujaiinn  (^ompntnj  sf/.sffm. — This  plantation  is  on 
Neches  River,  al>out  12  miles  southeast  of  Heaumont  and  about  the 
same  distance  northwest  of  Port  Arthur.  The  pum[)ing  [)lant  is  on 
the  banks  of  the  river,  from  which  the  water  is  pumped,  the  lift  bcin^c 


96  IRRK4ATION   SYSTEMS   OF  TEXAS.  [waU 

21  feet.  The  plant  has  been  in  operation  three  years.  Until  tki 
season  of  10()()  there  was  in  use  only  one  18-ineh  Ivens  pump,  havlojl 
a  capacity  of  18,000  gallons  a  minute.  In  1900,  however,  two  24-iiid|'' 
Ivens  pumps,  each  havinj?  a  capacity  of  24,000  gallons  a  minute,  weijjl 
installed.  The  otlier  operating  machinery,  including  that  instalM 
with  the  new  pumps,  consists  of  two  125-horsepower  boilers,  four  lOIK 
horsepower  boilers,  one  Chandler  &  Taylor  engine,  and  one  new  OoP» 
liss  engine  of  350  horsepower. 

The  flume  was  formerly  al>out  100  feet  long,  20  feet  wide,  and  4  feel' 
deep,  but  in  19(K)  this  was  increased  in  width  to  about  GO  feet.  Th* 
main  canal  is  K^)  fei»t  wide  and  has  very  high  levees,  but  it  is  doubfe- 
ful  whether  this  is  the  most  economical  form  of  construction.  One 
thousand  seven  hundred  acres  were  irrigated  in  1899,  4,000  acres  in 
1900,  and  7,(MX)  acres  in  1901.  A  charge  of  2  sacks  is  made  for  water 
and  2  sacks  for  land  rented.  PI.  VII,  B,  is  a  view  of  a  rice  thresher 
at  work  on  this  farm.  The  yield  in  1899  was  about  14  sacks  an  acre. 
The  rice  grows  very  rank,  varying  in  height  from  5  to  7  feet.  Some  of 
the  straw  was  baled  and  found  to  make  very  good  hay;  the  remainder 
was  burned.  All  of  the  land  on  which  this  rice  is  grown  is  black  and 
sticky.  (See  map,  fig.  20,  for  plot  of  the  main  canal  and  laterals.) 
This  company  irrigated  8,500  acres  in  1902. 

McFadden  &  Wiess  system, — This  plant  is  on  the  western  bank  of 
Neches  River,  or  rather  on  the  edge  of  the  marsh  that  lies  between 
the  river  and  the  rice  lands,  al)out  7  miles  southeast  of  BeaumonU 
The  water  is  conveyed  from  the  river  to  the  plant  by  a  canal  dredged 
out  of  the  marsh.  Its  length  is  2,000  feet,  width  40  feet,  and  depth 
6  feet.  The  plant  was  located  on  the  edge  of  the  marsh,  a  founda- 
tion being  obtained  by  driving  piles  3  feet  apart  under  the  power  and 
pump  house.  On  top  of  the  piles  several  courses  of  grillage  work  were 
laid,  and  this  was  capped  by  a  cement  foundation  for  the  machinery. 

There  are  two  C'onnei'sville  rotary  cycloidal  pumps,  with  suction 
pipes  2^  by  0  feet  and  discharge  pipes  4  feet  in  diameter.  The  pumps 
are  run  by  two  Hamilton-Corliss  compound  condensing  engines  of  250 
h(n*sepower  each.  The  capacity  of  the  plant  is  estimated  at  70,000 
gallons  a  minute  (150  second-feet)  under  the  lift  of  22  feet,  which 
would  reciuire  an  eflfieiency  of  78  per  cent  in  the  machinery.  The 
main  canal  is  6  miles  long,  100  feet  wide,  and  2^  feet  deep.  The  plant 
cost  %^6o,000,  the  machinery  costing  $40,000.  Four  thousand  acres  of 
rice  were  irrigated  in  1901,  and  9,000  acres  in  1902. 

WELLS. 

In  addition  to  tlie  canal  plants  in  JelTei*son  County  thei'c  are  a 
number  of  plants  that  derive  their  water  from  wells.  These  are 
located  neai*  Ilamshire  and  China.  The  well  of  George  J.  McManus, 
near  llamshin*,  will  serve  as  a  lype  of  tliose  in  this  section.  There 
are  two  wells  40  feet  apart,  conneeted  in  th<»  pit  22  feet  deep.     One  is 
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SI  feet  deep;  the  other  180  feet.  The  wator-L>oarlii^  nhikI  wiih  found 
to  be  72  feet  thick,  and  the  Horew  was  put  in  in  thrtM*  h>n^ths  of  20 
feet  eaeh.  It  consisted  of  an  8-ineh  pix)e  with  tiin^x'-fourths  inch 
holes  bored  with  l^-inch  clear  space  tM»l  wn^n  tlieni.  The  [>i[M^  was 
then  wrapped  with  No.  10  wire,  one- fifth  of  an  inch  apai*t,  and  on  this 
was  wrapped  the  copper  gauze  of  mesh  r»(),  :$(),  and  40  to  an  inch. 
The  6-inch  Van  Wio  pump  is  oiM»rated  by  a  i*2-]iorsei>ower  Gear- 
Scott  steam  engine,  using  Jieaumont  oil  for  fuel.  From  this  plant 
12(j  acres  of  rice  were  irrigated  in  VJ0:2.  In  the  same  noighlwrhood 
H.  C  Wheeler  has  a  well  plant  that  d(*riv(»s  its  water  from  flowing 
wells.  At  one  of  these  wells  it  was  2o7  fe<»t  to  the  water-bearing  sand 
that  furnishes  the  supply.  This  is  43  feet  in  thickn(>ss,  nuiking  the 
total  depth  of  this  well  250  feet.  Near  llamsh ire  the  acn»age  from 
wells  was:  3IcManus,  120;  Wheeler,  3(M);  Ileisig,  18.5;  total,  OOo  acres. 
The  acreage  around  China  from  well  plants  was,  Hal  Ahlridge,  125; 
J.  W.  Kirby,  200;  Burrows,  2()<);  Southwestern  Company,  2<M):  Spivy, 
150;  total,  875. 

()KAN<JK   COrXTY. 
row  BAYOU. 

Caw  Bayou  Canal  and  Irriyation  Company  sysfptn. — Rice  irriga- 
tion has  been  conducted  in  Orange  County  for  alK)ut  ten  years.  In 
1891  F.  H.  Catron  installed  a  50-horsepower  engine  to  o|H»rate  a  Menge 
panip  under  a  hea<l  of  S  feet,  th<»  plant-  iMMng  l(K*ated  on  Cow  Hayou, 
about  6  miles  southwest  of  the  town  of  Orange.  The  diteh  was  1  mile 
long  and  20  feet  wide.  The  plant  eost  #0,o<H),  tlie  <*anals  and  laterals 
costing  $5,000  and  the  engine  and  pumps  *1,5(M).  The  eapaeity  of  this 
plant  was  5,0(X)  gallons  a  minute,  or  11.11  seeond-fec^t.  With  an  efli- 
eiency  of  75  per  cent  for  the  <»ngin<^  the  pumping  of  this  amount  of 
water  requires  only  14  horseiM)wer.  Six  hundi'ed  aen\s  of  riee  were 
irrigated  in  189C.  This  system  has  pass(Ml  into  the  control  of  tlie  Cow 
Bayou  Canal  and  Irrigati<m  Company,  which  has  remodeled  the  whole 
plant,  removing  th(»  pumj)  to  a  mon*  advantageous  lo(*ation  and  install- 
ing one  250-horsepower  Viker-Corliss  <'!igine  luiving  an  IS-ineh  by 
3»>-inch  cylinder  and  operating  twt)  is-jncli  I vens  double-suction  latest 
improved  pumps  having  a  capacity  of  :>(>j)0<)  gallons  a  minute  (00.07 
second-feet)  against  a  lift  of  H  feet.  TIkm-c  are  ."i.l  miles  of  main 
canal.  (See  tig.  2n. )  For  the  tirst  1./)  miles  the  witlth  is  So  f(»et,  for 
the  next  1.5  miles  it  is  50  feet,  and  for  the  remainder  of  the  distance 
it  is  00  feet.  The  water  is  first  pumped  into  a  Hume  Jn  fcot  wide,  4 
feet  deep,  ami  3(X)  fec^t  long.  Tin*  cost  of  the  j»lant,  including  engines, 
pumps,  canals,  lat<»rals,  tlum<?s,  etc.,  was  «i>5,(mh>.  Three  thousand 
acres  were  plant<»d  in  rice  in  r.K)l. 

De.s  Moi^nes  Jiirf  ConijHintj  .sijsfnu. — About  7  miles  west,  of  Orange 
and  4  miles  from  Terry  is  the  plant  of  th<»  Des  Moines  Jiice  Company, 
which  consists  of  an  Ivens  jjump  having  21-inch  discharge  pipe,  oper- 
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ated  b}'  a  125-hor8epower  Atlas  engine,  having  a  claimed  capacit^gr  < 
20,(KK)  gallons  a  minute  (44  second-feet)  against  the  lift  of  17  iCi 
This  duty  will  require  an  efficiency  of  C8  i)er  c^iit  in  the  engine, 
wood  is  used  as  fuel,  and  it  takes  about  5  cords  each  twelve  hoiUl 
The  flume  is  2(M)  feet  long  and  10  feet  wide.  The  main  canal  te  ^ 
miles  long  and  100  feet  wide,  and  there  are  4  miles  of  branclB^ 
varying  in  width  from  20  to  50  feet.  (See  fig.  20.)  The  plant 
installeil  in  18i»0,  and  900  acres  of  rice  were  sowed  that  3'^ear, 
manding  a  price  of  $3.25  a  Imrrel  of  162  pounds.  In  1900,  1,400 
were  planted,  and  in  1901  about  1,600  acres.    The  soil  is  a  black  loaH^ 

ADAJIA  BATOU. 

Orange  County  Rwe  Company  system, — The  plant  of  this  compfto^ 
is  on  A<1ams  Bayou,  4  miles  from  Orange.  It  consists  of  a  24-inoP^ 
Ivens  din^ct-connected  pump  and  a  100-horsepower  engine.  Under 
lift  of  8  feet  the  plant  has  a  capacity  of  20,000  gallons  a  minute. 
1901  about  2,500  acres  were  irrigated,  and  3,500  acres  in  1902.  Th^ 
first  lift  is  10  feet,  and  the  two  pumping  plants,  2  miles  apart,  whetv- 
visited  in  August,  1902,  had  ail  the  rice  well  watered,  and  the  whol» 
crop  was  healthy  in  appearance. 

Clark  system, — The  Clark  Canal  Company  (A.  T.  Chenault,  mana- 
ger) is  north  of  Orange  and  takes  its  water  from  the  east  side  of  Adams 
Bayou,  under  a  lift  of  10  feet.  The  machinery  consists  of  a  50-hor8e- 
power  Morris  steam  pump,  and  500  acres  were  planted  in  1902. 

Giles  sysf-em. — The  plant  of  Giles  Brothers  takes  its  water  from 
Adams  Bayou,  on  the  west  side,  under  a  lift  of  18^  feet.  One  50- 
horsei)ower  Amos  engine  operates  the  Menge  pump,  with  a  4  by  4 
penst^)ck.     In  1902  550  acres  were  planted. 

Acreage  in  Orange  County. — The  acreage  in  Orange  County  is  as 
follows:  C'ow  Bayou  Company,  4,5(X);  Orange  County  Company, 
3,500;  l)es  Moines  Company,  1,2(K);  Samuel  Wilson  Company,  600; 
Clark  Canal  Company,  500;  Giles  Brothers,  550;  total,  10,850  acres. 

CHAMBERS  COUNTY. 
TURTLE  BAYOU. 

The  Trinity  River  Rice  and  Irrigation  Company  take  their  water 
from  Turtle?  Bayou  and  Trinity  River,  22  miles  south  of  Liberty.  (See 
fig.  21.)  The  plant  consists  of  four  large  pumps,  having  24-inch  suc- 
tion and  discharge  pipes,  and  a  capacity  of  20,000  gallons  a  minute 
each,  or  a  total  of  80,000  gallons  a  minute  (173  second-feet),  against  a 
lift  of  32  feet.  There  are  four  25()-horsepower  engines,  exerting  a  total 
of  1,()(K)  horsepower  (estimated).  However,  with  an  efficiency  of  70 
per  cent  it  nniuires  only  781  horsepower  to  pump  the  estimated  quan- 
tity. Thr(»e  of  t  he  pumps  should  be  able  to  do  all  of  the  work.  "^There 
are  three  flumes  of  a  total  hMigtli  of  2,400  feet,  a  width  of  15  feet,  and 
a  depth  of  40  inches  and  1<>  miles  of  main  canals  100  feet  wide  and  10 
wlloi'  of  laterals  40  feet  wide.     The  \>\auV  eo^t  %13,000^  and  in  a  dry 
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flu  irrigate  9,6dd  acres  of  rioe  with  the  nsnal  evaporation. 
I*  ^HinO^  6,000  acres  of  "Pnivideiiee'''rice  were  cultivated,  producing 
'^  ^HWaMdkSi  which  brotight  t3  a  barrel.    A  sack  averages  about  180 
^  ^^p^d^  vUio  ^  barrel  is  always  162  pounds.    The  company  sowed 
^  '^^ffbmrm  in  1902.    Generally  they  sow  during  May  and  June,  using 
CDpounds  to  the  acre.    Renters  are  charged  one-flf  th  of  the  crop 
nter,  one-fifth  for  land,  and  one-tenth  for  seed — i.  e.,  the  com- 
fimiiflhes  land,  seed,  and  water,  and  receives  half  of  the  crop. 

>i>^J  LIBERTY  COUNTY. 

TRmmr  river. 

llie  Bay  wood  Bice  Canal  and  Milling  Company  has  one  of  the  largest 

m  Texas.     It  is  on  the  east  side  of  Trinity  River  in  Liberty 

tj  (see  fig.  21),  and  cost  $200,000.    It  was  not  installed  until  the 

part  of  1900,  but  owing  to  excessive  rains  the  company  raised 

average  crop  of '  *  Providence  "  rice  that  year.    There  are  10  miles 

■sin  canal  from  100  to  150  feet  wide,  and  25  miles  of  main  laterals 

-floB  60  to  80  feet  wide.    There  are  three  lifts  aggregating  70  feet, 

liUi  a  pumping  station  at  each  lift.    The  pumps  are  of  the  Root 

nUiy  pattern.    Those  at  the  river  station  have  an  estimated  capacity 

4f  45,000  gallons  a  minute  (100  second-feet)  under  1(>  feet  lift.    The 

petion  pipes  are  3  by  8  feet.    Four  of  the  pumps  have  circular  dis- 

chiige  pipes  5  feet  in  diameter;  the  other  two  have  rectangular 

diieliarges  3  by  8  feet.    The  pumps  at  the  river  station  are  operated 

by  two  475-horsepower  Lane  &  Bodley  engines.    The  second  station  is 

equipped  with  two  375-horsepower  engines  operating  two  Root  rotary 

pomps  under  a  lift  of  24  feet.     The  third  station  has  two  250-hoi*se- 

power  engines  operating  two  pumps  having  5-foot  circular  discharge 

and  suction  pii>es.     The  head  at  the  latter  station  is  30  feet. 

The  soil  is  a  black  loam.  Six  thousand  acres  were  cultivated  in 
1900,  producing  50,000  sacks,  which  sold  for  $3.25  a  sack.  In  1002 
the  company  planted  15,000  acres.  The  rice  is  sowed  by  a  drill  or 
broadcasted  in  April,  May,  and  June,  1^  bushels  to  the  acre.  The 
land  is  let  out  to  renters  on  the  one- half  plan — i.  e.^  one- fifth  of  the 
crop  for  land,  one-fifth  for  water,  and  one-tenth  for  seed.  In  1901  oil 
was  used  for  fuel,  the  cost  being  alK)ut  oue-thii*d  that  of  coal. 

WELI*S. 

Near  Stilson,  32  miles  east  of  Houston,  on  the  Southern  Pacific  Rail- 
road, Brown  &  Son  have  a  rice  plant,  the  water  for  wliich  is  obtained 
from  an  artesian  well  405  feet  deep.  The  pit  is  17  feet  deei).  '^^^ 
first  280  feet  are  of  S^-inch  casinjj^,  the  remainder  of  5J-inch  casing. 
A  22-hor8epower  Port  Huron  traction  engine  supplies  the  power 
required  t;0  operate  the  0-inch  Morris  pump,  which  raises  the  water  12 
feet  into  a  flume.  The  land  is  composed  of  a  black  prairie  soil.  One 
hundred  and  sixteen  acres  were  irrigated  in  1(K)1,  producing  870  sacks 
of  rice.  In  1902  200  acres  were  planted. 
N.  B.  Sapp  has  an  8-inch  artesian  well  380  feet  deep.    In  boring 
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this  well  a  cypress  log  was  struck  at  a  depth  of  360  feet.  The  oper- 
ating machinery  consists  of  one  18-horsepower  Foos  gasoline  engine 
and  two  IG-inch  Morris  submerged  pumps  working  under  a  lift  of  8 
feet.     Water  was  not  procured  in  time  for  the  1901  crop. 

The  well  at  the  plant  of  the  Hill-Brown  Rice  Land  and  Irrigation 
Company  (C.  A.  Brown,  manager)  is  an  8-inch,  485  feet  deep,  the 
water  rising  to  within  10  feet  of  the  surface.  The  machinery  consists 
of  a  Morris  direct-connected  engine  8  by  8  inches  and  two  8-inch  Mor- 
ris pumps,  the  steam  being  supplied  by  two  30-hor8epower  Erie  City 
boilers.  The  season  of  1901  was  so  dry  that  no  rice  was  plants. 
Additions  have  been  made  to  the  plant  of  this  company,  and  in  1902 
the  crop  was  expanded  to  1,000  acres. 

HARRIS   COUNTY. 

Harris  County  systems. — Nearly  90  wells  in  Harris  County  are  fur- 
nishing water  for  rice  irrigation,  over  half  of  these  being  located  in 
the  vicinity  of  Clodine.  The  following  is  a  list  of  the  plants  in  this 
county:  Sheldon  canal,  2,000  acres;  Harris  Rice  Company,  600  acres; 
F.  B.  West,  150  acres;  J.  E.  Ross,  80  acres;  A.  W.  Wilkerson,  250 
acres;  W.  H.  Myers,  75  acres;  Conrad  Bering,  125  acres;  C.  L.  A 
C.  II.  Bering,  200  acres;  Baldwin  H.  Rice,  280  acres;  Meadow  Brook 
Company,  3,000  acres;  S.  P.  Dickey,  640  acres;  F.  E.  Markeley,  60 
acres;  J.  H.  O'Donnoll,  650  acres;  J.  E.  Cabaniss,  75  acres;  A.  Stroek- 
dick,  4:0  acres;  E.  CoutJiwaite,  05  acres;  plants  at  Stella,  75  acres; 
T.  J.  Roberts,  00 acres;  Mrs.  Ida  W.  Baker,  75  acres;  total,  9,100 acres. 

Sheldon  system. — Two  and  one-half  miles  from  Sheldon,  16  miles 
east  of  Houston,  the  Sheldon  Canal  Company  takes  the  water  for  its 
2,000  acres  of  rice  this  season  from  the  San  Jacinto  River  against  a 
40-foot  lift.  The  plant  consists  of  one  300-horsepower  Corliss  engine 
and  one  18-ineli  Van  Wie  centrifugal  pump.  The  water  is  delivered 
into  a  flume  226  feet  long,  which  in  turn  delivers  it  into  the  canal, 
which  is  120  feet  wide  and  4  miles  long.  The  land  commanded  by  the 
canal  lies  on  both  sides  of  the  Southern  Pacific  Railroad. 

CyDonnell  system. — Thirteen  miles  south  of  Houston,  near  Erin,  on 
the  Santa  Fe,  J.  H.  O'Donnell  ha.s  six  wells,  50  feet  apart.  These 
are  all  under  !)8  feet  in  depth  and  have  40  feet  of  water-bearing  sand 
and  gravel;  tin*  whole  length  in  sand  is  screened,  and  the  wat^^r  rises 
in  the  well  to  within  4  feet  of  the  siirfa<3(».  The  power  is  supplied  by 
four  28-horsepower  Fairbanks  gasoline  engines,  which  operate  the 
5-inch  Morris  pumps.  These  are  plac(»d  in  pit^s  15  to  17  feet  deep, 
and  an^  operated  in  batteri(»s  of  thrc»e  each.  The  soil  is  black  hog 
wallow,  and  (JoO  iicn's  were  irrigated  during  tlie  season  of  1902. 

MeoiJotr  Jh'ook  stjstf m. — On  the  JMoadow  Brook  farm,  northeast  of 
Clodine,  Fort  ]\.  Smith  has  drilled  forty-sev<Mi  wells  and  has  twelve 
comi)lete  plants,  ten  ()]»erat(Ml  by  steam  and  two  by  Fair])anks  gaso- 
line engines.     A  complete  plant  consists  of  a  central  st<5am  boiler, 
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oil  for  f  ael,  and  two  or  three  engines,  located  in  either  oppo- 
ilto  directions  from  the  boiler  or  in  such  position  as  to  form  a  ri^hl 
witb  tlie  central  phinV*   Thus  one  of  these  plants  consists  of  n 

Krie  City  boiler  op^riathAg.two  35-horsepowcr  engines, 
ran    ttie   <^etitrifngal  pumps.-    7Hv<>*^<^J^  are  connected  b> 
in  each  pit,  and  one  pump  is  then  connectetl  1if>  th;^common 
on.      These  companion  wells  are  about  20  feel 'aiMlffajid  anc 
inlly  150  deep  and  10-inch  bore. 

Dickey  systems. — Sixteen  miles  west  of  Houston  and  U  miles  nortli 
tf  Daisy,  S.  P.  Dickey  has  a  rice  farm  where  040  acres  were  irrigated 
ftis  season  from,  five  wells.  These  wells  are  of  an  average*  depth  of 
SOO  feet,  and  the  power  to  raise  the  water  is  supplitHl  by  four  IG- 
koraepoiver  Fairbanks-Morse  gasoline  engines  and  one  25-horsepowei 
steam  en^ne.  South  and  southwest  of  Clodine,  in  Fort  Bend  County, 
ne  locatecL  tlie  well  plants  of  B.  A.  Evarts,  with  125  acres;  II.  F. 
Ring,  witK  105  acres,  and  F.  E.  Jones  and  S.  M.  Gordon,  with  50(1 
Tb.e  w^ells  are  usually  110  and  250  feet  dcH»p,  connected  in  the 
pit  l>y  a  T  joint. 
Seven  miles  northwest  of  Houston  C.  L.  and  C.  II.  Bering  have  a 
on  the  Buffalo  Bayou,  from  which  water  is  takeii.  The  lift 
SO  feet.  The  soil  is  a  black  hog  wallow.  One  hundred  and  fifty 
^vrere  irrigated  in  1901,  commanding  from  $3  to  $3.75  a  sa(.*k. 
The  plaoit  consists  of  one  10-inch  Hooker  duplex  steam  pump  and  h 
60-horsepower  boiler,  the  capacity  being  estimaU^d  at  from  1,5(M)  to 
1,800  gallons  a  minute.     In  1002  200  aci'es  w(M-e  irrigat-ed. 

Near  the  plant  just  described  Conrad  Bering  liad  87  acres  in  r'wv 
in  1901,  Tirhich  he  irrigated  from  three  wells,  4<H),  450,  and  5(K)  feet 
deep,  and  all  being  flowing  wells  the  lift  is  very  slight.  The  wells 
eoBt  *1,500  each.  The  8-incli  Knowles  duplex  pump  is  on  the  sur- 
face. The  yield  was  17  sacks  to  the  acre,  sellintc  for  from  *i\75  in 
$3.50  a  sack.     In  1002  125  acres  were  irrigated. 

Kigliteen  miles  east  of  Iloiiston,  on  Bear  Hayou,  tlu*  Harris  County 
Rice  Company  (Radford  &  C-o.)  had  1 10  a<*res  of  riee  in  11M)1, yielding 
1,040  sacks,  ex)mmanding  ^3.40  a  sack.  Tlu»ir  engine  is  a  125-horse- 
power  Watertown  high-sjK'ed  engine,  and  their  pump  a  15-incli  Law- 
rence. The  lift  is  42.i  feel,  and  the  (vstiniated  (»apacity  7,(XM)  gallons 
a  minute.  The  main  canal  is  4n  f(»(»t  wide  and  l.H  miles  long.  Dur- 
ing the  season  of  1902  <»(H)  acres  were  irri;cate<l. 

Systems  near  Kattj. — In  the  vicinity  of  Katy  M(\ssrs.  J.  E.  Cabanias, 
A.  Stockdick,  W.  J.  Nelson,  William  Kule,  and  1\  (r.  Roberts  have 
well  plants  ranging  in  eai)acity  from  40  to  Oo  acres  for  this  year.  The 
wells  are  from  93  to  13o  fe(»t,  total  depth  an<l  havcj  screens  from  12  U; 
20  feet  long.  Cabaniss  and  Euh^  use  Foos  gasoline  engines  of  2i 
and  14  horseimwer,  respectively;  St()ckdi<*k  uses  a  22-hoi-sepowei 
Fairbanks-Morse,  while  Nelson  and  Roberts  use  steam  engines.  The 
Morris  pumps  are  used  by  Cabaniss,  Eule,  and  Roberts,  while  Euk 
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has  a  Van  Wie  and  Stockdick  a  Ganed.     The  acreage  is  as  follows: 
Cabanisjj,  75;  Stockdick,  40;  Nelson,  90;  Eule,  50;  Roberts,  60. 

Three  miles  from  Genoa,  on  the  Galveston-,  Houston  and  Hendenon 
Railroad,  A.  W.  Wilkerson  h«»  aii  irrigation  plant  consisting  of  two 
stations  about  ajialf^lnlle  apan.  At  one  station  there  is  a  22-hoxM*. 
power  port4lbte  e^agine  and  an  8-ineh  Morris  pump;  and  at  the  oUbm 
startiOD  a  Y'^^'i^power  Foos  gasoline  engine  running  a  6-inch  Moirit 
pump.  .  The  water  is  obtained  from  8^  inch  artesian  wells  560  fcMft 
deep.  The  soil  is  a  rich  black  prairie  soil.  Two  hundred  and  fifty 
acres  were  irrigated  in  1902. 

GALVESTON   COUNTY. 

Six  miles  east  of  .Alvin,  in  Galveston  County,  near  the  junction  of 
the  Chigre  Bayou  with  Clear  Creek,  Jierry  W.  Camp,  of  Houston,  has 
in  operation  a  rice  farm  of  1,000  acres,  which  yielded  86  bushels  to  the 
acre  in  1901.  A  ISO-horsepower  Corliss  engine  operates  a  15-inch 
Van  Wie  centrifugal  pump,  which  delivers  8,000  gallons  a  minute 
(18  second-feet)  against  a  lift  of  40  feet.  The  water  Ls  pumped  out 
of  an  elliptical  basin  40  feet  across  and  17  feet  deep,. which  wae 
excavated  in  the  banks  of  the  bayou  and  walled  in  with  sheet  piling 
and  floored  with  heavy  timber,  and  is  discharged  into  a  flume  2 
feet  by  6  feet  2,000  feet  long  and  delivered  to  the  main  canal,  which 
is  25  feet  wide  and  2  miles  long.  Both  the  Japan  and  the  Hon- 
duras rice  were  sowed,  500  acres  of  each,  the  seed  being  imported  for 
the  purpose ;  1 J  bushels  were  sowed  to  the  acre.  The  soil  is  black, 
from  3  to  4  feet  deep  with  a  clay  subsoil.  The  best  machinery  for 
handling  the  rice  has  been  introduced.  The  thresher  is  the  latest 
improved.  It  tlireslies,  feeds  itself,  stacks  the  straw,  sacks  the  grain 
(two  sacks  at  a  time),  and  has  a  capacity  of  2,000  bushels  every  eight 
hours.     In  1902  8(K)  acres  were  planteil. 

One  and  one-half  miles  south  of  Algoa  Mr.  R.  B.  Ilalley  sunk  seven 
wells  from  42  to  45  feet  deep  early  in  1901,  arranging  them  in  a  battery 
formation,  four  on  one  side  and  three  on  the  other.  Two  4-inch  wells 
connect  with  a  0-inch  pipe,  and  this  O-ineh  pipe  and  a  4-inch  pipe 
join  and  unite  with  an  8-inch  pipe,  while  anotlier  4-inch  pipe  unites 
with  the  8-inch  pipe.  On  the  other  side  two  4-inch  wells  join  with  a 
6-inch  pipe,  and  this  6-inch  pipe  and  a  4-inch  pipe  unite  with  an  8-inch 
pil)e,  which  is  bushed  into  a  10-inch  pii>e.  The  two  10-inch  pipes  form 
a  T  to  the  pumps.  The  operating  machinery  consists  of  a  22-horsepower 
Foos  i)ortable  gasoline  engine  and  an  8-inch  Morris  vertical  suction 
pump.  Tlic  pumps  are  placed  8  feet  below  the  surface.  The  water 
rises  to  within  4  feet  of  the  surface  of  the  ground.  After  the  pumps 
are  start(?d  the  water  level  is  lowered  10  feet,  giving  a  lift  of  from  18 
to  22  feet.  The  soil  is  black  prairie  soil.  The  water  supply  for  1901 
failed,  and  only  250  sacks  of  *'  Providence"  rice  wert»  raised. 
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BRAZOS  VALLBY  SECTION. 
WASHINGTON  COUNTY. 

lirt  of  the  Ck>lorado  Valley  and  from  the  ooontry  along  the  Santa 

b  Railroad  to  Trinity  River  there  are  a  namber  of  plants,  but  they 
not  be  elaased  in  any  Bystem  geographically  dwtinct.  They  are 
the  oonnties  of  Washing^n,  Austin,  Waller,  Fort  Bend,  Harris, 
'Ihaaoria,  and  Galveston.  The  highest  plants  in  this  group  are  in 
Wadiington  Ck>anty  and  take  their  water  from  Brazos  River.  They 
are  owned  by  W.  E.  Buchanan,  Ileber  Stone,  and  J.  P.  Bu(*hanan, 
an  residents  of  Brenham.    In  1902  775  acres  were  irrigated. 

The  plant  of  W.  E.  Buchanan  is  about  18  miles  from  Brenham.  It 
flonsists  of  a  35-horsepower  Atlas  engine  and  an  8-ineh  Morris  pump, 
kaving  an  estimated  capacit}'*  of  3,500  gallons  a  minute  (nearly  8 
aaeond-feet)  under  the  lift  of  40  feet.  The  soil  is  that  of  the  rich 
Bkaaos  bottom  lands,  and  200  acres  were  planted  in  1902. 

The  plant  of  Heber  Stone  is  in  Waller  County,  about  18  miles  from 
Brenham.  It  consists  of  a  125-horsepower  Beaumier  Brothers'  engine 
aid  a  15-inch  Yan  Wie  pump.  The  lift  is  40  feet,  and  the  estimated 
opacity  7,000  gallons  a  minute  (15.0  second-feet).  The  machinery 
did  not  arrive  in  time  for  the  crop  of  1901,  but  it  is  the  intention  to 
inigate  200  acres  in  1902. 

J.  P.  Buchanan's  rice  farm  is  in  the  neighborhood  of  the  former, 
bat  is  in  Washington  County.  A  125-hor8epower  Beaumier  Hrotliors' 
engine  runs  the  15-incli  Morris  pump  against  a  lift  ol'  40  feet,  and  it  is 
estimated  that  the  capacity  is  7,000  gallons  a  minute.  The  soil  is  the 
famous  Brazos  bottom  land.  Forty  acrt»8  were  irrigated  in  1001, 
yielding  50  bushels  to  the  acre,  and  625  aci'es  were  irrigated  in  1002. 

The  floods  in  the  Brazos  in  the  early  part  of  August,  1902,  destroyed 
most  of  the  rice  in  Washington  County. 

AUSTIN   COUNTY. 

In  Austin  County  there  are  a  few  well  plants.  That  of  ITaekborth 
A  Key  is  on  Mill  Creek,  from  which  it  takes  its  wat(»r,  6  miles  north- 
east of  Sealy.  It  consists  of  an  8- inch  Morris  pump  and  a  40-horsepower 
Erie  City  engine,  working  against  a  lift  of  31  feet.  The  soil  is 
described  as  a  red  buckshot  with  an  admixture  of  black  sand.  Two 
hundred  acres  were  irrigated  during  1002. 

SAN    BERNARD   CREEK. 

Sto7ie  .system, — On  East  San  Hernard  Creek  James  and  Stephen 
Stone  have  installed  an  irrigation  system  1^  miles  from  Beard,  with 
which  390  acres  were  irrigated  in  1000,  producing,  after  the  Galveston 
storm,  6  sacks  to  the  acre,  commanding  J3  a  sack,  and  300  acres  in 
1901,  yielding  3,000  sacks,  which  sold  for  *3  a  sack.     The  plant  con- 
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sists  of  on(»  150-lioi-Hepower  Westinghouse  automatic  compound  engine, 
operating  a  No.  13  Ivens  pump  having  15-inch  suction  and  13-inch  ' 
discharge  pipes.     The  estimated  capacity  is  7,0(X)  gallons  a  minute  • 
(IG  second-feet)  under  a  lift  of  27  feet.     The  flume  is  5  feet  by  2  feet 
by  520  feet  long,  and  delivers  the  water  into  a  canal  2  miles  long  and  : 
100  feet  wide.     The  hiterals  are  three-fonrths  mile  long  and  15  feet 
wide.     The  soil  is  light  and  sandy,  from  1  to  1^  feet  deep.     Wood 
is  used  for  fuel,  requiring  3  conls  a  day  for  the  390  acres  irrigated  in 

1900.  The  experience  here  in  1900  confirms  the  estimate  of  irri- 
gatoi*s  in  the  Beaumont  section  and  in  western  Louisiana — that  it 
requires  fully  9  gallons  a  minute  for  each  acre  irrigated,  or  1  second- 
foot  for  each  50  acres.     In  1902  300  acres  were  irrigated. 

Jahn  system. — Just  north  of  Beard  G.  A.  Jahn  and  associates  have 
opened  up  a  rice  farm  with  the  intention  of  deriving  the  necessary 
water  from  San  Bernard  Creek  by  imiK>unding  in  a  reservoir  of  100,000 
gallons'  capacity. 

A  crib-work  dam,  350  feet  long,  backs  the  water  up  1  mile  and 
deflects  it  into  a  canal  and  pit.  The  water  is  then  pumped,  under  a 
lift  of  25  feet,  into  a  reservoir  covering  180  acres.  The  water  is 
pumped  out  of  the  reservoir  into  the  supply  canals  by  two  18-inch 
Van  Wie  pumps.  The  power  is  supplied  by  a  300-horsepower  Corliss 
engine.  This  company  irrigated  700  acres  in  1902.  Ten  miles  south- 
east of  Sealy,  and  4  miles  north  of  Chesterville,  Dr.  Magruder  has 
constructed  a  dam  across  the  Little  Bernard,  forming  an  impounding 
reservoir  from  which,  with  a  28-horsepowor  engine,  ho  pumped  water 
into  75  acres  of  rice  during  the  season  of  1002.  Adjoining  the  San 
Bernardo  Company,  Stephen  Stone  has  dammed  a  small  tributary  of 
the  San  Bernard,  forming  an  impounding  reservoir  from  which,  with 
a  150-horsepower  Westinghouse  automatic  compound  engine  and  one 
13-inch  Ivens  centrifugal  i)ump,  he  raises  the  water  into  his  flumes. 
In  1902  300  acres  were  thus  irrigated. 

FORT   BEND   (  OUNTY. 

The  Fort  Bend  Irrigation  Canal  Company  has  two  i)umping  plants. 
The  second  i)lant  pumi)s  from  Siuithers  Lake,  which  during  average 
seasons  has  an  a])undance  of  water  foi-  ordinary  puri)oses.  The  lake 
has  a  drainage  area  of  14  scjuare  miles,  and  the  outlets  are  dammed 
to  prevent  waste.  Notwithstanding  this,  it  was  evident  early  in  the 
season  of  1901  that  the  long-continutMl  drought  in  the  coast  country, 
which  extended  practically  from  Septembei-  8,  1900,  to  Sei)tember, 

1901,  had  completely  exhausted  the  resources  of  the  laTce.  At  the 
second  lift  the  plant  is  composed  of  one  50-horsepower  Chandler  <fc 
Taylor  engine  and  one  13-inch  Iv(»ns  pump,  the  cai)acity  of  which, 
with  the  lift  of  18  feet,  is  estimated  to  be  10,000  minute-gallons.  The 
soil  is  black  prairie  land  with  a  good  subsoil,  400  acres  of  which  were 
irrigated  during  the  current  season.     The  plant  at  the  river  consists 
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!an  engine  of  8W-horaepower,  operating  the  pnmp  against  a  lift  of 
lA  feet  This  plant  pampe  the  water  into  Dry  Bayou,  and  thlH  in  turn 
[lilake  Bayon.  A  dam  has  been  constructed  ai^roHH  Itebb  Bayou  to 
-Ml  the  water  from  jNisaing  out.    The  acreage  in  1002  waH  750. 

Hie  pumping  plant  of  the  Brasos  Canal  Company  is  located  on  Jones 
Ckwk,  5  miles  north  of  Richmond,  Tex.,  and  30  miles  west  of  IIous- 
tos.  The  water  is  taken  from  the  creek^  which  possesses  the  oliaracv 
Mstios  of  a  bayou  and  acts  as  a  storage  reservoir  1 7  miles  long.  The 
ksda  to  be  irrigated  lie  to  the  west  of  Houston  and  fall  generally  to 
tte  eastward  from  the  pumping  plant.  An  extra  pumping  plant  is 
kwated  on  the  Brazos  River  just  below  the  ui)por  junction  of  Jones 
Cnek  witb  the  Brazos,  and  at  low  stages  the  riv(»r  pumps  will  have 
tD  lift  the  water  32  feet  into  the  reservoir.  A  tunnel  is  excavated 
bom  the  bayou  reservoir  to  the  river,  and  when  the  level  of  the  river 
vater  rises  32  feet  it  flows  into  the  reservoir  without  pumping  or  it 
em  be  shut  off  if  desired.  At  the  second  pumping  plant  the  water 
will  be  lifted  52  feet  into  a  canal,  giving  4  feet  of  water  in  the  canal, 
vhich,  with  the  conflguration  of  the  country,  can  cover  the  lands  to 
tihe  east  by  gravity.  During  1902  it  is  intended  to  irrigate  2,(XM)  acres 
only. 

The  Brazoria  Rice  and  Irrigation  Company  takes  its  water  from  the 
BnuBOB  above  a  crossing  of  the  Santa  Fe  with  the  l^razos.  The  plant 
eonsists  of  a  900-horsepower  Greenwald  engine,  operating  a  Worth- 
ington  high-lift  3G-inch  pump  against  a  head  of  47  feet,  and  has 
an  estimated  capacity  of  35,000  minute-gallons.  The  100-foot  canal 
from  the  river  conveys  the  water  into  a  laki^  of  27  acres  about  1^ 
miles  from  the  river.  The  water  is  pumped  out  of  the  lake  into  the 
second  canal  by  a  450-horsepower  (greenwald  oiigin(»  and  a  3G-incli 
Worthington  pump  against  a  lift  of  17  feet.  The  canals  extend  at 
present  to  the  eastwanl,  crossing  the  tracks  of  tlu*  Columbia  Tap 
Railroad  hear  Riceton.  It  is  contemplated  to  const  ruct  another  canal 
crossing  the  Santa  Fe  Railroad  and  irrigating  IhikI  south  of  Areola 
Junction.     Only  4,800  acii^s  were  irri<i;ated  hy  tliis  C()iiii)any  in  1902. 

BRAZORIA   COUNTY. 

In  6razoi1*ia  County  the  following  persons  havc^  i)hints:  J.  A.  Bent, 
William  Masterson,  Ilowanl  F.  Smith,  Rod  Oliver,  II.  and  G.  Muiison, 
F.  C.  Baker,  Judge  Walker,  A.  II.  I>art(»l,  and  John  ( 'has(».  Two  miles 
south  of  Areola  Junction,  .1.  A.  Bent  lias  a  small  i)lant  of  about 
35  acres,  where  a  small  donkey  engine  and  a  4-inch  Morris  pump 
raise  the  required  water  from  a  well.  The  rice  farm  of  William 
T.  Masterson  is  4  miles  southwest  of  Sandy  J\)int,  and  deriv(*s  its 
water  from  Oyster  Creek.  A  25-horsep()W(^r  Krie  CMty  engine*  <)perat<*8 
an  8-inch  Morris  pump  against  a  lift  of  17  feet  and  irrigates  »*J0  acres 
of  rice,  yielding  250  sacks.  II.  F.  Smith's  farm  of  175  acres  is  1^ 
miles  north  of  Sandy  Point,  and  derives  its  water  from  Jackson  Lake. 
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Th()  plant  of  K<mI  Oliver  i8  10  miles   Houthwest  of    Angleton.     A  * 
25-)iorsep<>wer  en|j:ine  (>ik». rates  a  special  pumpdeHigned  by  Mr.  Baker,  of  < 
Angleton,  against  a  lift  of  10  feet.     It  discharges  through  a  vertioal  i 
penstock  3  feet   by  3  feet.     Seventy-five   acres  were  irrigated   in 
1901.     The  plant  of  II.  and  G.  Mnnson  is  3  miles  west  of  Angleton, 
on  Oyster  Creek,  and  consists  of  an  8()-horsepower  Erie  City  engine, 
operating  a  15-inch  Morris  pump,  against  a  lift  of  10  feet.     This  plant 
was  late  in  being  completed,  but  notwithstanding  this  250  acres  were 
irrigated  in  1901.     Only  100  acres  were  harvested,  however,  the  yield 
being  900  sacks,  which  sold  for  $2.50  a  sack.     In  1902  700  acres  were 
irrigated. 

The  rice  farm  of  Walker  &  Cain,  near  Angleton,  has  three  pump- 
ing plants.  The  first  is  located  on  Bastrop  Bayou  and  consists  of 
one  150-hor8ei>ower  engine,  operating  two  15-inch  centrifugal  pumpe 
against  a  lift  of  10  feet  and  having  an  estimated  capacity  of  25,000 
minute-gallons.  The  second  plant  is  located  on  Oyster  Creek  and 
constitutes  an  emergency  plant  in  times  of  low  water  in  Bastrop 
Bayou.  One  125-horsepower  engine  pumps  the  water  from  Oyster 
Creek  into  the  canal  that  leads  to  Bastrop  Bayou.  A  dam  has  been 
constructed  across  Bastrop  Bayou  to  keep  back  the  salt  water,  but  it 
also  acts  as  a  storage  reservoir  for  the  fresh  water.  Plant  No.  3 
constitutes  the  second  lift  for  the  main  supply  canal.  It  is  2  miles 
from  plant  No.  1,  and  a  75-hor8epower  engine  operates  the  pumps 
against  a  lift  of  0  feet  and  has  an  estimated  capacity  of  15,000  minute- 
gallons.     In  1902  1,400  acn»8  were  sown. 

John  Chase  also  obtains  water  for  his  60  acres  of  rice  from  the 
Bastrop  Bayou,  0  miles  southwest  of  Angleton.  He  har\'ested  only 
75  acres  in  1901.  The  punix)  used  is  of  a  special  make,  manufactured 
by  Mr.  Baker,  of  Angleton.  It  is  run  ])y  a  25-horsepower  Erie  engine 
and  operates  under  a  lift  of  8  feet.  The  crop  was  badly  injured  by 
salt  water,  the  yield  Ix^i ng  2  sacks  to  the  acre. 

J.  G.  Smith  &  Bro.  own  and  operate  two  rice  farms,  one  0  miles  north 
and  the  other  9  miles  west  of  Columbia.  The  first  derives  its  water 
from  a  lake  covering  2, 000  acres,  but  the  lake  failed  and  the  i-esult 
was  no  crop.  The  plant  is  composed  of  two  Atlas  engines  of  40  and 
25  horsepower  and  two  Morris  pumps,  one  15-inch  and  the  other 
12-inch.  The  lift  is  12  feet  and  the  estimated  caimcity  6,200  gallons 
a  minute.  The  plant  was  first  operated  in  1900,  when  85  acres  of  rice 
w(»re  raise<l;  but  in  1902  the  acreage  wjis  expanded  to  550  acres.  The 
seccmd  plant  (!>  miles  west  of  Columbia)  is  to  derive  its  water  from  an 
8-ineh  well  270  f(M»t  deep,  but  it.  was  not  (completed  in  time  for  the 
1901  crop.  0\w  40-horsepower  Nagle  engine  runs  an  8-inch  Morris 
pump,  working  und(»r  a  lift  of  10  fe(»t.  The  soil  is  a  black,  waxy 
prairie  soil.  This  firm  also  operates  a  w(»ll  plant  of  60  acres  near 
Guy,  in  the  Fort  Bend  country. 

The  plant  of  A.  II.  Bart(»l  is  6  niilc^s  from  Angleton,  on  the  B^istrop 


A  OOLO&ADO  VALLST  SSOTIOK.  107 

,  ami  eonsiBte  of  a  85-honepow6r  enicine  and  a  12-inch  Lawrence 
,  opeiaiinic  against  a  lift  of  8^  feet.    He  irrigates!  75  acrcH  in  1 001, 
1  being  135  aacka.    In  1902  100  acreA  were  irrigated. 

COLORADO  VALLEY   SECTION. 

The  iirineipal  rioe  irrigation  systems  of  the  Colorado  Valley  are  in 
OolonidOy  Wharton,  and  Matagorda  counties.  The  larger  systems  are 
Uiested  on  the  map  forming  fig.  24. 

COIiORADO  COUNTY. 
EAGLE  LAKE. 

Dunovanl  system. — ^In  1899  Capt.  William  Dunovant  irrigated  250 
aoes  of  rice  near  the  town  of  Eagle  Lake.  This  was  the  first  rice 
turn  irrigated  along  Colorado  River,  and  proved  so  successful  tliat  in 
1900,  30,000  acres  were  irrigated  in  the  Colorado  Valley,  and  in  li>01 
16^000  acres.  Water  for  the  Dunovant  plant  is  puniptHl  from  Eagle 
lake,  a  beautiful,  clear,  fresh-water  lake  near  the  town  of  the  same 
Mune,  covering  an  area  of  about  2,500  acres  and  having  an  average 
dqrth  of  8  feet.  This  was  the  first  time  the  waters  of  the  lake  were 
EtOised  for  irrigation  purposes.  Captain  Dunovant's  plant  originally 
eoDBisted  of  a  12-inch  Van  Wie  double-suction  pump,  throwing  4,000. 
grikms  a  ininnte.  The  lift  was  27  feet.  The  three  boilers  were  old- 
ityle  tubular,  which  were  moved  from  a  sugar  mill  that  h^id  l)een 
destroyed  by  fire.  Two  had  two  14-inch  and  two  lO-ineh  flues,  and 
the  third  had  two  16-inch  and  two  10-inch  flues.  The  eiiirine  was  a 
200  horsepower.  The  fiume,  which  was  made  of  piping,  had  a  length 
of  about  350  feet.  With  this  equipment  250  acres  were  irrigated  in 
1899.  The  plant  was  added  to  considerably  in  IIKK).  A  new  21-inch 
Ivens  pump,  having  a  capacity  of  15,00()  gallons,  and  a  150-horse power 
automatic  engine  were  installed,  and  with  the  other  operating  machin- 
ery 3,000  acres  were  irrigated.     In  1002,  '3,t)()0  acres  were  irrigated. 

As  Eagle  Lake  will  not  supply  this  plant'  and  that  of  the  Eagle 
Lake  Rice  Company,  Captain  Dunovant  and  the  rice  company  have 
each  erected  pumping  plants  on  Colorado  River  io  pump  water  from 
the  river  to  the  lake. 

The  plant  has  been  added  to  from  time  to  time  till  it  now  consists 
of  three  pumping  stations,  two  on  the  lake  and  one  on  tlu^  river.  That 
on  the  river  consists  of  a  30()-horsei)ower  engine,  opcMviting  three 
centrifugal  pumps — one  18-in(*h  Morris,  one  15-inch  Morris,  and  one 
18-inch  Ivens — all  working  under  an  ordinary  lift  of  14  feet.  The  lift 
would  have  been  much  more  than  this,  but  the  canal  to  convey  the 
water  from  the  river  to  tlu^  laki^  was  so  deepened  that,  the  low  lift  of 
14  feet  was  secured.  The  old  plant  on  the  lake  consists  of  three 
engines — two  of  150  horsepower  (»ach  and  one  of  00  horsepower.  These 
operate,  against  a  lift  of  22  feet,  three  centrifugal  pumps — one  12-inch 
Van  Wie,  one  20-inch  Morris,  and  one  21-inch  Ivens.     This  plant 


108 


IRRIGATION   SYSTEMS   OF   TEXAS. 


L  bymeM^ 


delivera  the  wat«r  into  a  flunin  that  connects  with  the  t 

syBtem  that  urosHcs  th(«  tmckR  of  the  Cane  Belt  Railroad  1 

of  an  invert«d  siplion.     The  third  plant  is  situated  on  the  lake  heiwetHf 

the  towns  of  Lakeside  and  Eagle  Lake  and  is  operated  by  an  eleotdft* 

motor  that  derives  its  power  from  the  engines  at  the  gin  in  Lakerids^ ' 

The  pump  is  a  12-inch  Morris  and  works  under  a  lift  of  27  feet.    1^' 

water  is  delivered  into  a  flume  which  coiinects  with  a  main  canal  tiiat 


Pio.  Xt.—ltii-p  showing  irriRation  canalH  »t  EorIb  I^ka. 


also  crosses  the  Cane  Belt  tracksand  there  parallels  the  tracks  crossing 
the  canal  of  tin;  Kagle  Lake  Rice  Company's  plaut  and  connects  with 
the  canal  from  the  original  pumping  slations.  At  these  stations  80 
barrels  of  Beaumont  oil  are  used  for  fuel  everj'  twenty-four  lioiirs. 
In  1902  3,6UO  acres  were  irrigated. 

The  Eagle  Lake  Rice  Company  syst-em  {also  kiioum  as  Vineyard 
and  Walker  Canal). — This  company  has  erected  a  pumping  plant 


>^] 


COLORADO  VAUiXY  BBCTIOV. 


109 


one-foiiTtli  of  a  mile  north  of  Captain  Dunovant's,  on  the  east- 
edge  of  Sagle  Lake,  and  another  on  Colorado  River,  3  miles 
the  first  plant.  The  plant  on  the  lake  consistA  of  throe  125- 
r  boilers  and  one  250-hor8epower  engine,  operating  a  24-inch 
pump  having  a  <&pacity  of  20,000  gallons  a  minute,  and  one 
power  engine,  operating  a  dO-inch  Ivens  pump  having  a 
of  25,000  gallons  a  minute.  Either  of  the  pumps  can 
k  operated  from  the  boilers,  but  both  can  not  be  operat^Ml  at  the 
mme  time.  This  plant  is  equipped  with  oil  burners  and  storage  tanks 
ad  a  pix)e  line  from  the  Cane  Belt  Railroad.  The  river  plant  con- 
fsts  of  one  300-hor8ei)ower  engine  and  two  150-horsepowor  lK)ilers 
^Hiother  of  the  same  size  is  being  added),  operating  a  30-inch  Ivens 
imnpof  25,000  gallons  capacity,  against  a  maximum  lift  of  28  feet. 
The  water  is  canalled  to  a  branch, 
vhich  takes  it  into  the  lake,  and 
faom  there,  in  time  of  low  water, 
IB  conveyed  by  means  of  a  canal 
to  the  plant  across  the  lake.  The 
mrer  plant  has  a  3-inch  oil-pipe 
Hue  7,000  feet  long  leading  from 
file  Aransas  Pass  Railroad  to  the 
plant,  also  storage  tanks,  and  is 
fnlly  equipped  for  burning  oil, 
which  has  proved  a  very  satisfac- 
tory fuel  in  every  way.  It  is 
cheaper  in  first  cost,  can  be  ap- 
plied at  less  than  half  the  expense 
for  firemen,  and  is  more  effective 
than  coal  or  wood. 

The  canal  is  60  feet  wide  at  its 
head,  or  where  the  fiume  enters  it, 
but  after  the  rice  farm  is  reachwl 
the  width  is  increased  to  100  feet. 
The  total  length  of  the  canal  is  1G,S40  feet.     Tlie  distance  from  the 
mouth  of  the  canal  to  the  first  pite  is  4,300  feet.     Then^  are  two  large 
laterals  leading  from  the  eanal,  one  4,000  feet  lonjr,  tlie  otlier  3,000 
feet  long.     A  few  hundred  feet  from  its  head  tlie  eanal  crosses  the 
Cane  Helt  Railroad,  and  this  crossing  led  to  a  dispute  In^ween  the 
canal  company  and  the  railroad  company.     T]w  canal  was  too  higli  to 
go  under  the  railroad  as  graded,  and  the  (company  would  not  elevate 
the  track  so  that  the  canal  (fould  go  under.     It  was  finally  d(»cided  to 
carry  the  water  under  the  track  by  a  siphon.     This  8ii)hon,  except 
under  the  track  proper,  is  made  of  bri(»k,  the  cross  sections  and  dimen- 
sions l)eing  shown  in  fig.  25.     Owing  to  the  jar  caused  by  i)asslng 
trains  it  was  considered  wise  not  to  extcmd  the  brick  conduit  under 
the  track.      Consequently  the  brickwork  stops  on  both  sides,  just 
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Fio.  5S>.— Cr<*SH  Ho<'tion  of  flu^l<^  Lnko  Rioe  Com- 
pftiiy's  Hipboii  undor  Cane  B«4t  Railroad. 
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before  the  track  is  reached,  and  the  water  is  carried  through  by  mesMf 
of  pipes.  The  falling  and  rising  curves  in  the  siphon  are  easy,  so  airi 
to  eliminate  as  much  friction  as  possible. 

The  company  irrigated  3,000  acres  in  1900.  In  1001,  3,200  aciw 
were  planted,  but  the  supply  of  water  in  Eagle  Lake  failed  to  such  an 
extent  that  only  a  few  acres  were  harvested.  It  is  the  intention  to ' 
sow  from  3,000  to  3,500  acres  in  1902.  The  soil  on  the  farm  is  blMk^ 
and  sandy.  The  cont-our  of  the  land  proves  to  be  of  great  advantaga^ 
for  after  a  ceilain  distance  the  ground  falls,  making  a  second  lift 
plant  unnecessary. 

COLORADO  RIVER. 

Sigler  system  and  Harbart- Stafford  Rice  Company  systems. — West 
of  Colorado  River,  near  the  stations  of  Altair  and  Rock  Island,  on 
the  San  Antonio  and  Aransas  Pass  Railroad,  several  small  rice  irriga- 
tion plants  have  been  introduced.  On  the  west  bank  of  the  river  a 
few  hundred  feet  below  the  railroad  bridge,  in  plain  view  of  pass- 
ing trains,  are  the  pumping  plants  of  Dr.  H.  C.  Sigler  and  the  Har- 
bart-Stafford  Rice  Company.  The  rice  farm  of  the  former,  which  is 
nearest  the  railroad  bridge,  lies  along  both  sides  of  the  railroad  track. 
The  plant  consists  of  an  8-inch  Wells  pump  operated  by  a  35-hor8e« 
power  Atlas  engine.  Under  a  lift  of  34  feet  the  capacity  of  the  plant 
is  estimated  at  2,500  gallons  a  minute  (42  second-feet).  The  plant 
cost  $4,500,  and  from  it  200  acres  of  rice  were  irrigated  in  1900  (pro- 
ducing 2,500  sacks)  and  200  acres  in  1902. 

The  plant  of  the  Ilarbart-Stiifford  Rice  Company  is  just  below  that 
of  Dr.  Sigler  and  west  of  Colorado  River.  It  consists  of  a  150-horse- 
power  Atlas  engine  operating  an  18-ineh  Van  Wie  suction  pump 
having  an  estimated  capacity  of  16,000  gallons  a  minute  (35  second- 
feet)  under  a  lift  of  33  fet^t  from  the  river  level  to  the  flume.  The 
flume  is  200  feet  long,  5  feet  wide,  and  2  feet  deep,  and  discharges 
into  the  main  canal,  which  is  1^  miles  long  and  40  feet  wide,  with  2 
miles  of  laterals  20  feet  wide.  The  plant  cost  $8,000,  and  the  com- 
pany planted  350  acres  of  rice  in  1002. 

Westmoreland  system. — Four  miles  from  the  Aransas  Pass  Railroad 
bridge  J.  W.  Westmoreland  has  a  rice  farm  of  225  acres.  The  water 
is  taken  from  Colorado  River  by  an  8-inch  Morris  vertical  suction 
pump.  The  engine  is  a  50-horsepower  Erie  City,  and  the  water  is 
raised  to  a  height  of  42  feet. 

Four  miles  east  of  Rock  Island  and  1  mile  below  the  crossing  of  the 
San  Antonio  and  Aransas  Pass  Railroad  with  Skull  Creek  the  Brandon 
Brothers  have  a  rice  farm  that  derives  the  necessarv  water  from  Skull 
Creek.  The  plant  consists  of  a  40-horsepower  Erie  City  engine  and 
an  8-ineh  Van  Wie  puni])  that  operat(»s  against  a  lift  of  32  feet,  and 
during  the  season  of  1002  irrigated  85  acres  of  rice. 

The  total  rice  acreage  in  Colorado  County  west  of  the  river  is  as 
follows:  From  well  plants,  840  acres;  Brandon  Brothers,  85  acres; 
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WesimoveUkikdL,   220  AcreB;  H.  C.  Sigler,  150  ncreH;  Harbart- 
350  acren;    Red  Bluff  Company,  1,200  acres;  total,  2,845 

WBLL  PLANTS. 

Onthe  west  Bide  of  the  Colorado  River,  in  the  country  lying  between 
Bb&  Island  and  Oarwood,  a  number  of  small  rice  farms  that  derive 
Mr  water  from  iwells  have  been  opened  up.  The  wells  arn  somewhat 
iWlar  in  conatmction  and  always  consist  of  a  pit,  either  circular  or 
netangnlar  in  cross  section,  excavated  to  a  depth  of  18  to  22  fi^t, 
vitli  a  bored  well  in  the  bottom.  This  well  must  al  wajH  extend  through 
nfirient  water-bearing  sand  and  gravel  to  give  flow  enough  for  the 
ftm.  A  screen,  mnst  be  let  into  the  sand  strata,  which  will  keep  the 
as  far  as  possible  out  of  the  pipes  and  will  admit  sufficient  water. 
screens  are  of  various  forms  and  lengthn,  and  upon  the  screens 
han^  the  success  of  the  whole  ent'Crprise.  The  first  step  in  a 
of  this  kind  is  to  get  a  well.  Nothing  further  should  be  done 
tQI  die  well  is  an  assured  fact.  The  screen  can  l)e  of  side  or  end  suc- 
tton.  In  the  former  case  the  pipe  is  perforated  with  holes  one-half  to 
floee-fonrths  inch  in  diameter,  2  to  3  inches  apart.  Around  the  pipe 
is  then  wrapped  fine  wire,  almost  touching,  and  over  this  a  copper 
|Mue  is  stretched,  the  medi' varying  with  the  kind  of  sand,  and  often 
experience  is  the  only  sure  test.  The  end-suction  screen  will  be 
described  later.  The  wells  of  Baker  Brothei-s  and  W.  C.  Jones  will 
serve  to  illustrate  those  west  of  the  river  in  Colorado  County.  The 
Baker  well  has  a  screen  27  feet  long  at  the  bottom  of  a  GT-foot  well, 
while  the  Jones  well  encountere<l  water  at  a  depth  of  ;)4  feet,  and 
from  this  depth  was  placed  a  30-inch  screen  20  feet  through  eoarse 
gravel.  The  suction  pipe  is  attached  to  the  screen  pipe,  and  gener- 
ally a  centrifugal  pump  is  placed  in  the  bottom  of  the  ))it,  and  the 
vertical  shaft  extends  several  feet  above  the  .sin-face  of  tlie  ground. 
A  pulley  is  mounted  on  this  shaft  and  is  operat(Hl  from  the  engines 
by  belts.  The  engines  are  generally,  for  a  single  well,  small  steam 
engines  of  15  to  40  horsepower,  or  gavsoline  engines  of  12  to  28  horse- 
power. A  good  well  outfit  ought  to  be  put  in  for  about  S1,<)()0.  The 
well  plants  west  of  the  river  in  Colorado  County  an^  as  follows: 
Frank  Marshall,  50  acres;  Berry  Brothers,  !K)  acres;  E.  I).  Bone,  135 
acres;  W.  C.  Jones,  200  acres;  John  Duncan,  100  acres;  Baker 
Brothers,  100  acres;  Berry,  Cox,  Johnson,  85  acres;  Will  Carr,  80 
acres;  total,  840  acres. 

Just  north  of  Garwood  the  plant  of  the  Red  lUufT  Rice  Company 
takes  it-s  water  from  the  Colorado  RiviM-.  The  plant  consists  of  two 
150-horsepower  Erie  City  boilers  and  oiu*  3()0-horsei)0\v(T  Corliss 
engine.  Water  is  pumped  from  the  Colorado  River,  and  1,2(K)  acres 
of  rice  were  irrigatcHl  in  1002.  The  lift  is  42  feet  and  the  pump  is  an 
18-inch  Morris  centrifugal  and  has  an  estimated  capacity  of  15,000 
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minute-gal  Ions.     The  water  is  delivered  into  a  fiuine  000  feet  long  soA' 
then  into  the  main  canal,  which  is  100  feet  center  to  center  of  embank* ' 
mentfi  and  1^  miles  long.     The  laterals  are  about  30  feet  center  to 
center  of  embankments  and  about  1  mile  long. 

Marshall  system. — Within  the  neighborhood  of  Rock  Island,  on  the 
Aransas  Pass  Railroad,  there  are  a  number  of  projected  rice  farma 
and  a  few  that  were  ready  at  the  opening  of  the  season  of  1901.  Two 
miles  south  of  Rock  Island,  Frank  Marshall  has  a  well  78  feet  deep, 
from  which  water  is  forced  by  a  6-inch  Morris  pump  operated  by  m 
35-hor8epower  Erie  City  engine.  The  plant  cost  $1,500,  and  although 
it  was  late  in  the  season  before  it  was  ready  for  work,  100  acres  were 
irrigated  in  1901. 

Small  system. — Nine  miles  south  of  Rock  Island,  A.  W.  Small  owns 
a  plant  consisting  of  a  6-inch  Morris  pump  and  a  SS-horsepower  Erie 
City  engine.     The  lift  is  40  feet,  and  the  plant  is  estimated  to  po« 


a  capacity  of  1,050  gallons  a  minute.     Ninety  acres  were  irrigated  in 
1901.     The  cost  of  the  plant  was  about  $1,000. 

In  that  section  lying  east  of  the  Cane  Belt  Railroad  and  between 
Sealy,  Ilungerford,  and  East  Bernard  there  are  twenty  well  plants, 
averaging  two  wells  to  the  plant,  the  acreage  varying  from  75  to  550, 
These  plants,  lying  mostly  in  that  section  bounded  by  Eagle  Lake, 
East  Bernard,  and  Chesterville,  have  a  common  bond,  in  that  they 
obtain  their  water  from  the  water-l)earing  sand  lying  under  the  upjier, 
blacker  soil.     A  few  typical  plants  will  be  described. 

Vick  system. — Al)out  2  miles  east  of  Eagle  Lake,  George  Vick  has 
installed  a  plant  to  irrigate  from  wells.  In  1900  he  sunk  a  well  12 
feet  in  diameter  and  34  feet  deep,  and  with  an  Ivens  submerged  pump 
discharging  through  a  5-inch  force  main  he  irrigated  125  acres  of  rice. 
The  pump  was  operated  by  an  Avery  traction  engine,  which  is  also 
used  for  traction  purposes.  The  water  was  discharged  into  a  small 
flume  12  inches  by  12  inches,  which  in  turn  discharged  into  a  ditch 
25  feet  wide  and  1  mile  long.  In  addition  to  the  125  acres  irrigated 
from  the  pumps,  25  acres  were  irrigated  by  damming  a  small  stream 
and  forming  a  storage  reservoir.  In  1900  Mr.  Vick  sowed  1^  bushels 
to  the  acre,  but  increased  this  to  If  and  2  bushels  an  acre  in  1901. 
The  crop  of  1900  was  damaged  by  the  Galveston  storm,  but  notwith- 
standing this  he  realized  19  bushels  to  the  acre,  which  sold  for  from 
$1.50  to  $4.25  a  sack.  The  total  cost  of  the  plant  used  in  1900  was 
$2,250.  This  plant  is  now  owned  and  run  by  Hudson  ifc  Ayres.  A 
new  45-horsep()wer  Erie  City  engine  has  replaced  the  traction  engine. 
Beaumont  oil  is  used  as  fuel,  and  it  requires  about  3  barrels  for  a 
a  twenty-four-hour  run.     In  1902  1G5  acres  were  irrigated. 

Adams  si/stem. — The  feasibility  of  using  windmills  for  rice  irriga- 
tion was  thoroughly  tested  at  the  farm  of  Adam  Adams,  44^  miles 
east  of  Eagle  Lake.     He   installed  nine  Gaml)le  long-stroke  wind- 
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■Ols,  each  having  a  3-inch  by  U-inch  cylinder  and  it  Hi-fiMit.  wheel, 
dpermting  pumpH  having  3-inch  sucti'm  nnd  disolinrgi'  pipes  (i};iiintjt  a 
lift  of  3S  feet  from  theHevfinwellx  that  fiirniHli  the  wtitvr.  The  plant 
net  t825.  The  water  is  difichnivcd  inti>  a  reservoir  4  fi-et  deep  cov- 
eriog  15  acres  and  having  a  papwity  of  174,340  onhU:  fwt.  It  is 
estimated  that  the  windmills  have  a  etiiHicily  of  70  gtillons  ii  minute. 
The  windmills  proved  insufficient,  and  they  hiive  been  al»ui<l<niet]. 
A Fairbanks-Monie  SS-horsejiower  gaMiline  eitt;ine.  o]x-rHliiii;  h  ii-in«li 
Morris  oentrifngal  pump,  is  now  u«ed  1o  raisi-  llie  waler  to  the  lliime. 
Eighty  aci'es  were  irrigated  in  I'MH. 


A  typical  surfaei- 
feet  deep,  19  feel  lo  wj 
Baud,  followed  by  eliiv. 
tion  8  feet  long  is  used  i 
pipe  alfout  H  indies  i 


llie  (Jlieslervillc  plants  «oiil<l 
ier-lM'arin(j  niiini,  and  lln-ii  Jn  ii>  :;."i 
A  very  NUeeossfiil   sen-en  witli   \»>\\it 
litis  iK'iglilxii'lKHMl.      [<  <-onsiMlsiif  a  v 
iaiiieier,  fnnii  wliieli  'i  lo  s  ladlal  van 


(••len 

*  JHI)- 


jeet  about  li  inches.  A  heavy  wice  is  wriipiwd  spirally  ai-oiind  the 
vanes,  making  another  eyliniler,  varying  in  iliamiter  tioiii  -21  to  ii'i 
inches.  Aronnd  the  wrapped  eyliixler  mi  loji  of  the  wire  is  aiiai-lied 
a  wire  gauze  with  n  mesh  of  l'4  lollie  iiieli,  wliieh  hojilM  liai'k  Hie  saixi, 
Iiermitting  the  watn'r  lo  ent^-r.  The  vanes  exten<l  helow  Hie  l.oMom 
IRK  71— n-i s 
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of  the  pipe  ami  are  attiiched  to  a  bottom  e^p,  thus  leaving  au  opett 
space  for  the  wat^r  to  enter  the  bottom  of  the  central  wtKMlen  cylinder.. 
The  suction  pipe  of  the  pump  is  attached  to  the  wooden  cylinder  neir 
the  top  of  the  screen.  A  goo<l  well  and  a  good  screen  are  the  sine  qnii 
non  for  a  successful  well  plant.  All  failures  can  be  traced  to  their 
absence.  This  is  the  reason  that  active  plants  of  HM)1  are  idle  in  19Q2. 
They  constitut^^  the  foundation  stone  of  succ^^ss  in  the  prairie  rice 
farm.  Without  them  the  biggest  pumps  in  the  State  could  not  raise 
water.  Many  plants  in  Texas  in  the  last  two  years  have  been  started 
at  the  wrong  end.  Elaborate  canals,  excellent  machinery,  fine,  black, 
hog-wallow  land  are  futile  without  sufficient  water  of  the  right  kind. 
At  plant  No.  2  of  John  Linderholm,  at  Chesterville,  1,350  acres  of  rice 
were  irrigated  in  1001 ,  although  a  late  start  wiis  made.  The  machinery 
consists  of  a  28-hor8epower  gasoline  engine,  operating  a  6-inch  Van 
Wie  pump.  The  plant  cost  1^2,150;  expenses,  $500;  and  the  crop 
paid  for  the  plant,  expenses,  and  tlie  land,  estimated  at  $12.50  per 
acre.  This  season  Watt's  refin<»d  Beaumont  oil  is  used  as  a  fuel  in 
the  gasoline  engines. 

Foster  system, — In  the  neighlmrhood  of  Chesterville,  7  miles  east 
of  Eagle  Lake,  II.  I..  Foster  has  installed  a  plant  to  derive  its  water 
from  a  well.  One  20-horsepower  Erie  engine  runs  a  No.  4  Morris 
pump  having  5-inch  suction  and  4-int*h  discharge,  which  has  an  esti- 
mated maximum  capacity  of  0(X)  gallons  a  minute  (1.33  second-feet) 
against  a  head  of  21  feet.  The  canals  are  three-eighths  mile  long 
and  G  feet  wide.  Unfortunately  the  water  supply  proved  a  failure, 
and  additional  wells  will  have  to  bo  dug  to  obtain  sufficient  water 
for  the  rice  land. 

Linderhohn  system. — One-fourth  mile  from  Chesterville,  John  Lin- 
derholm has  three  of  the  most  effective  well  plants  in  Texas.  Three 
No.  6  Van  Wie  pumps,  having  H-inch  suction  and  (i-inch  discharge,  and 
one  No. .']  Van  Wie  ])ump,  having  5-inch  suction  and  3-inch  discharge, 
are  operated  l)y  four  Fairbanks  &  Morse  engin(»s  of  34,  28,  34,  and  12 
hor8e[)ower,  respectively,  against  a  lift  of  20  feet,  estimated  to  have  a 
capacity  of  8,(X)0  gallons  a  minute  (18  second-feet).  The  wells  are  on 
the  highest  points  of  the  land,  and  no  flumes  are  necessary.  Two  res- 
ervoirs have  been  constructed,  but  so  far  they  have  not  been  utilized. 
The  soil  is  a  sandy  loam,  and  the  125  acres  irrigated  in  11K)0,  notwith- 
standing the  Galveston  storm,  produced  8  sacks  of  rice  to  tJie  acre, 
commanding  $3.50  per  barrel  of  Hi2  i)ounds.  Four  hundred  acres 
were  irrigated  in  11)01,  the  yield  being  Di  sacks  to  the  acre,  command- 
ing from  J^3  to  $3.10  a  barrel.  Land  is  rented  on  the  usual  one-half 
plan,  i.  e.,  one-fifth  of  the  crop  for  land,  one-fifth  for  water,  and  one- 
tenth  for  seed.  Gasoline  is  used  as  fuel.  Tin*  engines  are  run  twelve 
hours  a  day,  and  i-equire  2,51)2  gallons  of  gasoline  (74  pi^r  cent  proof) 
daily,  or  2  gallons  per  hour  p(»r  hors(^power.  The  three  plants  watered 
550  acres  in  11)02. 

Gray  system, — Near  Lissie,  George  Gray  has  installed  a  28-horse- 
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Fairbanks  A  Mone  gasoline  engine,  which  operates  a  Van 
pamp  having  a  6-inch  discharge  pipe  and  an  estimated  capacity 
[if  SSyOOO  gallons  a  miunte  (5  second-feet).  The  plant  eoHt  14,500. 
water  is  supplied  by  two  wells,  one  an  8-inch  well  103  feet  deep, 
Ivifli  91  feet  of  water,  the  other  a  10-inch  well  140  feet  deep,  with  1 15 
|lKtof  water.  The  main  canal  is  three-fourths  mile  long  and  8  feet 
[fide.  The  soil  is  black  and  Handy,  with  a  clay  subsoil.  One  and 
jBB-fourth  bushels  of  rice  are  sowed  to  the  acre.  For  the  land 
noted  one-fifth  of  the  crop  is  charged  for  land  rent,  one-fifth  for 
vster,  and  one-tenth  for  seed — i.  e.,  for  land,  water,  and  seed,  one- 
hdf  of  the  crop  is  charged.  In  all  120  acres  were  irrigated  in  1001, 
hrt  the  cold  weather  ruined  50  acres.  The  70  a<*res  saved  yielded 
140  sacks.  A  second  plant  has  been  added,  and  400  a<;res  were 
planted  in  1902. 

Malmquist  system, — C.  T.  Malmquist  irrigated  38  acres  from  one 
well  lyy  an  S-horsepower  Fairbanks  &  Moi'se  gasoline  engine,  operat- 
ii^one  No.  4  Ivens  pump  having  5-ineh  suction  and  4-ineh  discharge 
pipes,  and  an  estimated  capacity  of  0(X)  gallons  a  ininuU^  ( 1 .33  second- 
fcet)  under  a  lift  of  IG  feet.  The  plant  is  1  mile  fn)ni  ("hesterville. 
Hie  yield  was  300  sacks,  which  sold  for  $3. 15  a  sack. 

MeLain  system. — Four  and  one-half  miles  from  Cheaterville  Grcorge 
VeLain  irrigates  1 60  acres  from  two  wells.  One  Charter  1 8-horsepower 
gasoline  engine  runs  a  No.  4  Van  Wie  pump  having  a  5-inch  suction 
and  a  4i-inch  discharge.  The  plant  has  an  estimated  capacity  of 
1,200  gallons  a  minute  (2.67  second-feet)  under  a  head  of  15  feet. 
Only  5  ac^res  were  planted  in  1900,  and  tho  crop  was  considerably 
damaged  by  the  Galveston  storm.  The  soil  is  black  and  waxy,  Hn<l 
produced  7  sacks  to  the  acre  in  1900.  Tho  wator  supply  failed  in  1901, 
and  Mr.  McLaiu  raised  no  rice. 

Townley  system. — The  plant  of  J.  C\  Townley,  three-fourths  mile 
trom  Chesterville,  consists  of  one  No.  8  Morris  pump  having  9-inch 
suction  and  8-inch  discharge,  oiKuated  by  a  35-horsepow(M-  Erie  C-ity 
engine.  The  lift  is  20  feet  and  tlw^  estimated  capacity  1,7()()  gallons 
a  minut'C  (3.8  secorid-feet).  The  soil  is  black  and  sandy.  Two  hun- 
dred acres  were  irrigated  in  1901.  The  plant,  exclusive*  of  laud,  cost 
*3,000. 

Electric  system, — Instead  of  luiving  several  distinct  power  plants, 
each  to  carry  its  own  jmmp  and  aer(»aj^e,  the  I>eriiard  Rice  and  Irri- 
gation Company  (C\  B.  Sloat,  nianaji^er)  has  eieeted  on  its  plant,  2 
miles  east  of  Lissie,  a  (central  power  plant,  consisting  of  a  steam 
engine  and  boiler  of  capacity  sulfieieut  to  earr^M  wo  whole  pumping 
plants.  The  power  is  convoyed  to  a  75-kil()watt  eleetrie  motor,  and 
by  this  the  iK)wer  is  transmitt-<Ml  (4ectrically  by  wire  to  smaller  motoi*s 
of  20-horseix)wer  (capacity  at  tlu*  three*  i)umping  plants  on  the  farm. 
The  experiment  will  demonstrate  clearly  the  most  economical  method 
of  operating  plants  where  pumps  are  located  in  ditfei'ent  parts  of  the 
farm. 
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WHARTON   COUNTY. 

Hwhjins  Brothers  system. — Seven  miles  east  of  Wharton  the  Hnd- 
^ins  Brothers  have  oj>ened  up  a  large  riee  farm  and  are  giving  wells 
a  full  and  fair  t<^t.  They  have  in  all  eleven  wells;  seven  are  44  feet 
deep  and  four  are  30  feoX  deep.  The  pumps  areal)out  13  feet  below 
the  surface.  There  are  ten  No.  3  and  one  No.  1  Van  Wie  rotary 
pumps.  The  former  cost,  exclusive  of  freight,  tSo  each,  the  latter 
<5n5.  The  pumps  are  operated  hy  gasoline  engines,  five  of  22  horse- 
power and  one  of  Hi  horsepower.  Eleven  hundred  acres  of  Japan 
rice  wei'e  irrigated  in  11K)1,  but  only  450  in  11*02. 

The  acreage  from  well  systems  in  the  section  between  Sealy  and 
Hungerford  is  shown  in  the  following:  Hudson  A  Ayers,  165  acres; 
\V.  W.  Miller,  200;  R.  H.  Dobbins,  KX);  J.  E.  Irvin,  40;  Adam  Adams, 
SO;  John  Linderholm,  550;  J.  C.  Townley,  200;  C.  T.  Malmquist,  60; 
W.  S.  Strickland,  1(X);  Geoi-ge  McLain,  150;  George  Gray,  400;  Ber- 
iiard  Rico  Company,  205;  H.  Cordz,  300;  Paul  Jackets,  80;  McBride  A 
Lester,  KX);  W.  S.  Moore,  100;  L.  Pietsch,  170;  Longworth  &  Caylor, 
300;  Iludgiiis  Brothers,  450;  J.  M.  Everett,  140;  t-otal,  3,890  acres. 

KL  <'AMP<^  SYSTEMS. 

In  the  section  of  ^\^larton  County  west  of  the  Colorado  River,  along 
the  line  of  the  N<»w  York,  Texas  and  Mexican  Railroad,  near  the  sta- 
tions of  Pierce,  El  CainjK),  and  Louisa*,  more  well  plants  are  in  opera- 
tion than  in  anv  other  section  of  Texas.     Two  svstems  of  wells  are 

•  •  • 

used,  the  sliallow  and  the  deep.  The  shallow  wells  ai-e  all  of  one 
general  type.  A  pit,  ivctangiilar  or  circular  in  ci*oss  section,  is  exca- 
vated to  the  depth  to  which  the  water  will  rise,  and  in  the  bottom  of 
the  pit  one*  or  more  wells  are  bored  through  or  into  the  water- l>earing 
sand  or  gravel.  In  this  is  placed  the  screen.  The  pits  vary  in 
depth  from  10  to  TJ  feet,  and  the  wells  from  40  to  70  feet.  The  soil 
is  generally  black  and  sandy,  underlain  by  clay,  which  lies  over  the 
water-l>earing  sand.  The  Milner  well,  a  mile  west  of  Pierce,  will 
serve  as  a  tyi)e  for  th(*  d(»ep  wells.  This  well  is  180  feet  deep,  10-inch 
bore,  and  has  60  feet  of  screen.  The  log  shows  14  feet  of  black  soil, 
thick  stratum  of  red  clay,  0  feet  of  quicksan<l,  4  feet  of  clay,  10  feet 
of  coarse  sand  and  gravel,  and  three  thin  layei's  of  clay  alternating 
with  thicker  strata  of  sand  and  gravel.  This  well  and  its  compan- 
ion shallow  well  (both  in  the  same  pit)  constitute  in  their  combined 
ca[)acity  by  far  the  best  well  found  in  the  Texas  rice  belt.  One  of 
the  best  shallow- well  plants  found  in  this  section  is  that  of  Fred 
Blumquist,  1}  miles  east  of  El  Campo,  which  is  doscril>ed  later. 

A  f(»w  typical  plants  an*  here  described. 

Brmies  si/sfttn. — "^I'he  ])lant  of  Chris.  Brun(»s  is  just  east  of  the 
Beard  i)lanK  It  c()nsists  of  a  5-inch  Morris  pump  oi>erated  by  a 
20-horsepower  Advance  traction  <Migine.  The  well  is  48  feet  deep, 
the  water  rising  to  within  10  feet  of  the  surface.     The  head  is  24  feet 
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and  the  capacity  estimatcKl  at  800  galloiiH  »  minute*.  Tin*  oii^iiicH, 
pampci,  beltH,  ete.,  c<ist  $1,500.  Fifty  hctch  wore  irriKaUMl  in  ISM)!, 
yieldmg  785  isacks,  coiuniandiug  (Cj.io  a  Hsutk. 

Nonliti  ftystem, — P.  H.  Nordin'H  plant  i8  l*  miles  north  of  Kl 
Gampo.  The  well  is  48  feet  deep,  the  water  beiug  '20  feet  1m4(>w  the 
mrfaoe.  He  uses  a  20-horsepower  J.  I.  Case  tra<*tion  online  and  a 
l»-inch  horizontal  centrifugal  pump.  The  oaimcity  is  oNtiniat^Hl  to  Im' 
700  gallons  a  minute  under  a  head  of  21  feet.  Tho  c^igino  and  pumiM 
eoflt  tl,350.     Fifty  acres  were  irrigated  in  1!K>1,  yiol<lin<r  \\\\  saclcN. 

Jost  east  of  this  plant  is  the  plant  of  J.  H.  C-arlson,  wiiic*h  irrigated 
90  acres  of  rice  in  IIKX),  the  yield  being  350  sac^ks.     The  pit  of  the  well 
is  8  feet  in  diameter  and  25  feet  deep;  the  lionnl  part  of  the  well  is  27 
feet,  making  a  total  depth  of  52  feet.    The  pump,  a  0-ineh  Van  Wie, 
is  in  the  l>ottom  of  the  pit,  and  has  a  lift  of  20  feet.     It  is  oiH^rated  by 
a  16-horaepower  Fairbanks  &  Morse  gasoline  engine.     A  test  ma<1e  at 
this  plant  shows  that  it  re<iuires  4(>  gallins  of  gasoline  each  twenty- 
four  hours,  or  nearly  3  gallons  to  the  horsepower.     In  <*arload  lot^i 
the  gasoline  costs  12  cents  a  gallon,  delivered  at  Kl  C'ainpo. 

.A  second  pumping  plant  run  by  a  traction  engin<'  is  CMinduett^l  by 
Mr.  Carlson. 

Olesen  system. — Five  miles  north  of  Kl  Campo  is  the  rice  farm  of 

D.  Oleaen.    The  well  is  52  feet  deep,  7  feet  in  diameter  for  25  f(H't  and 

bored  the  rest  of  the  way.    As  at  all  of  these  plants,  the  wat<M'  is  pure, 

fresh,  and  as  clear  as  crystal.     The  plant  consists  of  a  o-incli  Morris 

vertical   pump  and  a  2()-horsepower    Advance    compound   traction 

engine,  and  cost  ♦1,5(X).     The  pumps  an»  '11  feet  Ix^low  the  surface*  of 

the  ground,  giving  a  lift  of  27  feet.     Th<*  (estimated  capacity  is  7/)0 

gallons  a  minute.     Thirty  acrres  were  waleitnl  in  luoi,  the  yi(»ld  Xm^'wv^ 

l.%<)  Hacks. 

Highee  system, — In  11K)1  R.  K.  Higbee  irrigated  US  acres  of  ll(m- 
duras  rice,  the  yield  being  1,5(K)  sacks.  The  soil  is  a  black  hog- wallow. 
The  well  is  48  feet  deep,  the  water  rising  to  within  1. 5  feet  of  the  sur- 
face. The  plant  is  1  mile  east  of  Kl  C'anipo  and  consists  of  a  r»-in<*h 
Van  Wie  pump  and  a  25-horsepower  .1.  I.  Case  engin<\  The  lift  is 
17  f(H5t,  and  the  capacity  estimated  at  from  1,2(M)  to  l,r)(M)  gallons  a 
minute. 

Berghitid  system. — P.  K.  Hcrghuid  uses  a  .'^Vhorsepower  Weln^r  gas- 
oline engine  and  a  0-inch  pump.  His  well  is  .'M  fe(»t  d(»cp,  the  water 
level  being  12  feet  IkjIow  the  surfac*'.  The  ri(*e  issowcMl  with  a  seeder 
attached  to  the  hind  gate  of  a  wagon.  Thirty-live  acn^s  were  irrigated 
in  1901,  the  yield  being  450  sacks. 

Blnmquist  system. — One  and  one-half  miles  (»ast  of  Kl  Campo  Fred 
Blumquist  irrigates  35  a<M*es,  the  yiehl  in  r.M)l  bi^ng  741  sacks,  4  bushels 
to  the  sack.  He  sold  part  for  se(»d  rice*  at  §:J.25  to  S.'^.oo  a  sa(*k.  His 
pumps  are  in  a  pit  8  feet  by  10  feet.  The  well  is  l)ored  in  th<^  l)ottom 
of  the  pit  to  a  depth  of  30  feet,  making  the  total  d(»pth  of  well  40  feet. 
The  pump  is  a  b-inch  Morris  hovizoiitnl  rotary  workiuv^  wwvVt  \\\\U  v.>S 
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15  feet,  and  the  enjrine  a  H-horaepower  Foos  gasoline.     The  (^ost  o£  ' 
all  was  8070. 

Danielseii  system, — The  pump,  lift,  and  engine  of  A.  Danielsen  are 
similar  in  all  respects  to  those  of  Bliimquist.  Sixty  acres  were  irri- 
gated in  1002,  yielding  700  sacks,  which  sold  for  $3  a  sack. 

Embrij  system. — The  farm  of  J.  R.  Embry  is  4^  miles  east  of  El 
C'ampo.  The  soil  is  a  black  hog- wallow.  Ninety  acres  of  rice  were 
irrigated  in  1901,  yielding  625  sacks.  The  pit  is  4  feet  by  16  feet  by 
6  feet  deep..  Two  8-inch  wells  were  bored  in  the  pit  to  a  depth  of  34 
feet,  making  a  total  depth  of  40  feet.  The  water  rises  to  the  liottom 
of  the  pit.  An  IH-horsepower  gasoline  engine  runs  the  6-inch  Morris 
horizontal  rotary  pump  against  a  lift  of  8  feet. 

Schult  system, — Six  miles  east  of  El  Campo  Oscar  Shult  has  opened 
up  a  rice  farm  on  which  1(K)  acres  of  rice  were  irrigated  in  11K)1, 
the  yield  being  858  sacks.  The  source  of  water  is  a  well  30  feet 
deep.  The  pit  is  8  feet  by  9  feet  by  9^  feet  deep.  The  bored  part  (30 
feet)  is  14  inches  clear  diameter.  The  machinery  consists  of  an  18- 
horsepower  gasoline  engine  and  a  6-inch  Morris  horizontal  i-otary 
pump.  The  soil  is  a  black  hog-wallow,  and  both  the  Honduras  and 
the  Japan  rice  will  be  tried.  Fifty-five  pounds  of  Japan  (1^  bushels) 
and  1^  bushels  of  Honduras  were  sowed  to  the  acre. 

The  well  camps  around  El  Campo  are  all  similar,  the  greatest  varia- 
tion being  in  the  machinery  of  operation.  No  attempt  is  made  to  give 
the  individual  peculiarities  of  ea(*h  plant,  as  a  few  typical  plants  cover 
the  essential  features.  The  extent  of  the  well  system  tributary  to 
El  Campo  and  Pierce  is  shown  by  the  following  list :  ().  R.  Johnson,  153 
acres;  Oscar  Nelson,  60;  A.  Danielsen,  80;  Fred  Blumquist,  120;  A.  P. 
Olesen,  60;  R.  E.  Iligbee,  70;  N.  Thompson,  200;  A.  Burglund,  50; 
T.  Rolf,  40;  Axel  Bard,  60;  J.  W.  Leech,  160;  W.  H.  Waugh,  100; 
J.  R.  Embry,  75;  Johnson  &  Jensen,  70;  Oscar  Schult,  250;  James 
Milner,  750;  P.  A.  E.  Nelson,  50;  A.  P.  Borden,  50;  N.  J.  Sunwall, 
50;  M.  Barnhardt,  25;  A.  P.  Borden,  50;  W.  S.  Wood  &  Co.,  300; 
Chris  Brunes,  105;  P.  H.  Nordin,  105;  Boehm  Brothers,  60;  J.  B.  Carl- 
son, 175;  Nelson  Brothel's,  2(X);  Fritz  Bender,  60;  A.  E.  Carlson,  75; 
Woolsey,  120;  A.  S.  Thompson,  75;  O.  B.  Scroggins,  50;  W.  S.  Louis, 
75;  E.  G.  Sterner,  150;  L.  Cahn,  60;  John  Bacek,  30;  William  Neizer,  50; 
Frank  Garetzky,  50;  John  Wetzel,  50;  T.  A.  Hill,  120;  total,  4,200  acres. 

Louise  systems, — Near  Louise  station,  on  the  Texas  Mexic»an  Rail- 
road, over  1,200  acres  of  rice  were  sowed  in  1902,  but  of  the  seven 
plants  only  two  had  suflicient  water.  A  successful  typical  well  here 
has  hardly  been  formed.  The  well  of  W.  G.  Davis  presented  some 
peculiarities.  At  96  feet  a  granite-like  rock  was  encountered,  and  the 
drill  cut  through  a  4- foot  lay(»r  of  this,  making  the  well  100  feet  deep 
in  all.  The  suction  pipe  was  set  directly  on  top  of  this  rock,  and  no 
screen  was  used.  The  well  furnished  more  than  an  ample  supply  of 
clear,  fresh  water.  Th(»  machinery  consists  of  a  22-horsepower  Foos 
^Hsolino  engine  and  h  6-incJi  Morris  pump.     Sixty  acres  of  Japan  rice 
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inigated  daring  the  season  of  1902,  but  the  well  had  wat-er  for 
double  this  a<*reage.  The  following  ih  a  list  of  the  plantn  near  Ix>uise« 
with  the  amount  of  rice  sowed:  W.  G.  Davis,  00  acres;  G.  W.  Bar- 
Mlt,  50;  Otto  Peterson,  40;  E.  M.  Clark,  400;  Saddler  &  Rome,  250; 
Saddler  A  Thomason,  200;  Saddler  &  Thomas,  240;  total,  1,240  acres. 
When  visited  in  July  the  only  plants  that  had  water  on  them  were 
tte  Davis  and  the  Peterson,  and  it  is  very  probable  that  the  Jjouise 
plants  ^11  not  average  over  half  a  crop  this  year. 

JACltSON  COUNTY. 

Moritz  and  Mayfidd  syslevis, — Near  Ganado,  just  over  the  line  in 
Jackson  County,  M.  P.  Moritz  and  D.  B.  May  field  have  opened  up  rice 
farms  of  about  100  acres  each.  The  former  uses  a  5-horsepower  gaso- 
line engine  to  pump  from  a  well  56  feet  deep  with  20  feet  of  water- 
bearing sand.  It  is  estimated  that  in  a  dry  year  one  good  well  will 
irrigate  80  acres  of  rice.  The  Mayfield  plant  adjoiuH  tlmt  of  Moritz, 
and  derives  its  water  from  a  well  67  feet  deep  with  30  feet  of  water- 
bearing sand. 

The  acreage  around  Ganado  in  1902  waH  aH  follows:  I>.  H.  Mayfield, 

50;  N.  P.  Mauritz,  200;  A,  W.  Everitt,  50;  L.  Ward,  75;  Hotiiiette, 

60;  total,  430  acres. 

COLORADO  RIVER  BELOW  WHARTON. 

Bay   Prairie    Irrigation    Company  system. — Eight    miles    ]>olow 
Wharton  and  surrounding  Lane  City  is  the  rice  farm  of  the  Bay 
Prairie  Irrigation  Company  (often  called  the  Lane  Company).     The 
pumping  plant  is  on   the  banks  of  Colorado  River,  from  which  it 
takes  its  water,  at  a  distance  of  10,700  fc<»i  from  th(»  depot  at  Lane 
City.     There  were  two  pumping  plants  in  11)01,  but  it  is  intended  to 
add  a  third  in  order  to  bring  more  land  under  ditch.     When  com- 
pleted the  system  will  command  15,000  a(*rcs.     The  plant  at  the  river 
consists  of  two  Van  Wio  pumps  having  54-inch  discharge,  operated 
by  a  Bates-Corliss  engine  of  1,250  horsc^power.     The  lift  is  33  feet,  and 
the  capacity  is  estimated  at  70,000  gallons  a  niinuto.     "I'lu*  enginet>r, 
L.  E.  Beadle,  estimates  that  it  will  icquire  H  gallons  a  minute  for 
each  acre,  but  he  has  provided  for  emergencies  by  installing  pumps 
having  a  capacity  of  10  gallons  a  minute  for  each  acre.     There  are 
two  flumes,  one  at  the  river  and  th(»  other  across  Jarvis  Creek.     The 
former  is  5  feet  by  12  feet  by  1S2  feet  long,  while  the  latter,  which  is 
\\  miles  from  the  river,  is  4  feet  by  2o  fi^et  by  350  feet  long.     There 
are  11  miles  of  main  canals  1l*0,  loo,  and  80  feet  wide.     At  the  second 
lift  an  Atlas-Corliss  engine  of  200  horsepower  operates  a  24-inch  Van 
Wie  pump  estimated  to  have  a  capacity  of  30,0(X)  gallons  a  minute 
under  the  lift  of  5  feet.     The  soil  is  black.     The  farm  liiss  on  each 
side  of  the  Cane  Belt  Railroad.     Tlu*  water  is  carried  under  the  tract 
by  a  terra  cotta  and  timber  invert.     Th(»  plant,  exclusive  of  land,  cost 
•125,000.     Six  thousand  five  hundnnl  acres  were  irrigated  in  1901. 
It  is  intendeil  to  increnso  this  in  1002  to  15,(XX)  acres.    TVv\s  company 
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offi'i-.sliii'  iiiuKlrlilHM'iil  UtrmHb)  n-iilers  of  miy  irrif^tioiiHysteniHexai 
iiH>(l.  It  rui-nishcs  html,  whUt,  iind  w<-(l  rortlirue-seveiithHiusteiul 
one-half  of  tli<-  (ti-op,  iIiiin  giving  t)i«  renter  il  .  advantage  of  G  per  cet 
Sino^s  writing  tlio  almve  the  tliinl  lift  has  been  adde<l  and  the  pla 
at  the8C4^)nd  lift  liaKlxH'n  transferred  to tlie  third  lift.  Thecapaci 
of  the  river  plant  is  now  ISO, (100  niinute-gall&ns,  and  the  plant  at  t 
seoond  lift  eonsi.sts  of  one  iSH-horseiwwer  ei^ine,  openvtinti:  a  46-in 
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lolorado  Talley  beloff  Wharton. 


centrifugal  pnnip  which  has  a  (capacity  of  i(0,(NH)  miniite-gallous; 
tho  tliinl  lift,  n  -(in-horw^power  Atlas-Corliss  engine,  operating  a  2 
inch  Van  Wic  pump,  which,  with  the  lift  of  :JA  feet,  has  a  capacity 
->l),00(i  minute-gallons.  In  Ifldd  there  were  under  the  first  lift  n,J 
acres,  under  the  second  o.OOO,  and  under  the  thinl  1.600,  making 
total  of  Hi,OfH)  acres  under  canal,  and  15,0i)o  acres  of  these  were  in 
fTiiU-i]  t)t}fhig  tho  ciiriviit  season. 
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MATAGORDA  COUNTY. 

Near  Bay  City,  in  Matagorda  County,  eight  large  companioH  have 
opened  up  extensive  rice  farms.  The  Bay  City  Irrigation  Company, 
the  Nile  Valley  Company,  the  Colorwlo  Company,  the  St^^wart.,  the 
Sexton,  and  the  Matagorda  Rice  and  Irrigation  Company  have  plants 
on  the  east  side  of  the  river,  while  the  Moore-Cortez,  the  Plan torH,- the 
Prairie  Bluff,  and  the  Trespalacious  are  on  the  wc^st  Hide,  as  shown 
by  fig.  27.  Not  only  is  heavy  machinery  used  in  pumping  the  wat/cr, 
but  the  heaviest  traction  engines  an^  used  both  in  making  the  levees 
and  in  plov^ing  the  land.  One  traction  engine  of  30  horHeiM)wer,  with 
its  plows,  can  break  up  2  acres  per  hour.  PI.  VIII,  A  and  /?,  shows 
the  methods  of  levee  making  and  steam  plowing. 

Moore-Cortez  Caruil  Company  system. — The  Moore-C'ort4>z  Canal 
Company  installed  for  the  season  of  1901  a  large  plant  about  G  miles 
from  Bay  City.  They  own  and  control  20,000  acres  of  land,  and  have 
located  their  pumps  on  a  small  lake.  The  plant  consists  of  one  300- 
horsepower  Vilter-Corliss  engine,  operating  an  Ivens  centrifugal  pump 
having  two  30-inch  suction  pipes,  and  an  estimated  capacity  of  50,000 
gallons  a  minute  (124  second-feet)  under  a  lift  of  12  feet.  The  main 
canal  is  7  miles  long  and  100  feet  wide.  The  length  of  the  main  lat- 
erals is  10  miles  and  the  width  40  feet.  The  whole  plant,  exclusive 
of  land,  cost  $50,000.  Five  thousand  five  hundred  acres  were  irri- 
gates! in  1001,  yielding  10  sacks  to  tile  acre,  selling  for  from  $2.50  to 
^.0')  a  sack.  For  the  part  of  the  land  that  is  n^nted  the  company 
charges  one-fifth  of  the  crop  for  land  rent  and  one-fifth  for  water.  In 
irK)2  10,(KX)  acres  were  irrigated. 

Bay  City  Irrigation  Compdny  system. — The  pumping  station  of 
the  Bay  City  Irrigation  Company  (Victor  f.a  Tulle,  manager)  is  3 
miles  north  of  Bay  City  and  t^ikes  water  from  a  lake  connected  with 
Coloi-ado  River.  The  plant  consists  of  two  24-incli  Morris  pumps  and 
two  140-horsei)ower  Erie  City  engines.  The  capacity  is  AO^OfM)  gallons 
a  minut4^  (111  second-feet)  under  a  head  of  12  f(M»t.  The  water  is 
delivere<l  into  a  fiume  3  feet  by  12  feet  100  feet  h)ng.  Then*  are  7 
miles  of  main  canals,  125  feet  from  cent<?r  to  center  of  embankments. 
The  cost  of  the  plant,  exclusive  of  land,  was  *3(),(KH).  The  soil  is  a 
black  hog-wallow  with  a  slight  admixturt*  of  san<l.  The  plant  was 
operated  for  the  first  time  in  1901,  \v\um  4,ooO  acres  of  rice  were  irri- 
gated, pitxlucing  10  sacks  to  \ho  acre.  This  plant  watered  5,iM)() 
acres  in  1902. 

Matagorda  Company  system. — Adjoining  the  lands  of  the  J>ay  City 
Company  are  those  of  the  Matagorda  Company.  The  pumping  plant 
is  2  miles  northwest  of  Bay  City,  and  consists  of  one  .'$<)( )-hors(»power 
Oreenwold  engine  and  one  10<)-hoi-sepower  Nagle  engine.  There  are 
two  Worthington  pumps  and  one  Menge  pump.  The  discharge  pipes 
of  the  Worthington  pumps  are  20  inches  by  40  inches,  while  the 
Menge  pump  dischargers  through  a  pc^nstock  0  by  0  feet.  The  joint 
{^npiwityof  the  former  is  Ct4,()(H)  *rii\h}us  a  minw\e.  aui\  v>l  Wvvv  \^\X«t 
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22,(K)0  gallons  a  ininiite,  or  a  total  of  S(>,(M)0  gallons  (Uil  seiroml-feet), 
under  a  lift  of  W  feet.  It  is  to  Ik»  remarked  that  this  is  about  chiuhI 
to  tlie  lowest  flow  of  Colorado  River  at  Austin.  The  total  eost  of  the 
plant,  exclusive  of  land,  was  al)out  ^55,<kki.  The  plant  was  used  to 
irrigate  540  acres  of  land  in  19(X),  the  yield  Iwing  li^  sacks  to  the  acre, 
which  commanded  *.'5.0o  a  sack,  net.  In  10(>2  the  acreajre  was 
increase<l  to  1),<mh)  acres. 

Colorado  Conipufuj  syst^^m. — Near  the  Matagorda  plant  is  that  of 
the  Colorado  Canal  Company.  This  plant  is  hx^ated  on  an  intake 
connecting  with  a  lake,  which  in  turn  at  certain  stages  of  the  river 
connects  with  it.  The  machinery  consists  of  a  Murray  Brothers  2VH)- 
horseiK)wer  compound  condensing  engine  and  a  Connersville  blowei 
puni}),  with  discharge  piix*  3l>  by  iMJ  inches.  The  lift  varies  from  8 1( 
12  feet,  depending  upon  the  stages  of  the  river  and  lake.  It  require: 
20  barrels  of  Beaumont  oil  per  day,  which  costs  at  Bay  City  43  cent 
per  ])arrel,  making  a  total  cost  of  $8.00  per  da}'  for  fuel.  The  capacit; 
of  the  plant  is  50,(K)()  minute-gallons.  During  the  present  seaso 
5,300  acres  were  irrigated. 

NUe  ValUy  system, — The  Xile  Valley  plant  is  on  the  banks  of  th 
Colorado  River,  less  than  one-fourth  mih?  from  that  of  the  Colorad 
Company.  This  plant  takes  its  water  directly  from  the  Colorad 
River  one-half  mile  alK)ve  the  head  of  the  famous  raft.  Two  80-hors( 
power  duplex  enginc^s  operate  the  two  3()-inch  Morris  pumps  agains 
the  maximum  lift  of  8  feet.  The  canal  of  this  company  forms  a  levo 
and  serves  to  protect  J5ay  City  and  the  lands  below.  Twenty-tw 
barrels  of  Heauniont  oil  are  used  per  day.  In  liKK)  2,5(K>  acres  wei 
irrigated  from  this  canal.  PI.  IX,  A^  is  a  view  of  the  pumping  plar 
at  the  Nile  N'alley  plant. 

Steicart  .sy.stetti. — At  the  Sl<nvart  (*anal  an  SO-horseiwwer  engin 
oiHM'ates  a  24- inch  Morris  i)unip  against  a  maximum  lift  of  21  feei 
In  11102  1,700  acres  were  irrigated  by  this  canal. 

Se^vhm  system . — Tlui  Sexton  plant  uses  a  simple  80-horsepowi^ 
Greenwald  engine  and  a  Meng(»  pump  under  a  lift  varying  from  18  t 
20  feel.  This  plant  irrigated  only  500  acres  this  season.  On  th 
west  bank  of  the  Colorado  River  two  new  plants  have  been  pi'ojectei 
the  Trespalacious  and  the  Planters.  The  former  is  below  Bay  Cit} 
while  the  latter  tak<\s  its  water  from  below  the  Moore-Cortes  pumpin 
plant,  l)ut  its  (»anal  crosses  that  of  the  Moore-Cortes  Company  an 
irrigates  land  above.  The  Planters  Canal  Company  was  late  in  stan 
ing,  and  only  l)5o  acres  w(mv  irrigated  in  liK)2.  The  Prairie  Blu 
Rice  Company  has  located  its  canal  on  Blue  Creek  above  the  Moon 
Cortes  and  the  Planters  canals.  It  also  was  late  in  starting,  an 
during  the  current  season  irrigated  350  acnjs  of  rice. 

Sunttnary  of  Matayorda  ptonts. — Following  is  a  summary  of  th 
Matagorda  County  plants:  Bay  City  Irrigation  Company,  5,000  acrei? 
Matagorda  (-ounty  Rice  Company,  !»,000;  Colora<lo  Company,  5,i}(H 
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Kile  Valley  CoiiiiJuny,  ^,5iMI;  Su?w»rt  C'niml  Comp»ii.v,  l,7i)<J;  Sostc 
I'uiaU'oinpaDy,  S(X);  FrairiPlflitff,  35U;  Mtjore-Uorlew,  10,000;  Plan 
*f*  (.'iinal    Com{>any,  960;  S.  J.  Cleveland,  160  nunw;   tutai,  3E,H 

OCADALIIPE   HIVKB. 


'rbe  only  wat*ir-powi>r  pljint  in  Texas  ttiat  in-tgules  v'lcv  is  that  of 
Otto  UuL-hut,  3  miles  north  of  Cm>ro.  A  maHonry  ilani  a<:roHa  the 
OniMlalupe  Ulver  proUuces  an  effective  head  of  10  feet.  This  ia  one 
of  ibe  iitotit  ftultstantial  damn  in  Texan,  and  it  ooHt,  with  it^  etiuip- 
ment,  ♦100,000.  The  jKiwer  is  generat«d  by  54-inrh  turbines,  whiiih 
<^rst4j  the  pumpH  to  raise  watei-  into  an  adjaooiit  r<>w^rvoir,  An 
ftoxiliftry  steam  plant  of  400  hoi-sepowcr  is  used  for  supplementint; 
energy  generattnl  by  the  water  plant.  This  plant  f umialies  power 
tliretf  riee  farms— Mr.  Bucliel'a,  Schleicher  &  Crouch's,  and  Rath- 
ttoBO  and  WolTonl's.  Tlie  farm  of  Sohleieher  &  Crouch  is  above  that 
of  Bnchel  and  on  the  east  side  of  the  river.  The  power  for  operating 
the  puniftH  is  Iransmltt^'d  electrically  from  the  Htichel  power  plant. 
The  farm  of  Rathbone  &  \\'ofiCord  ia  on  the  west  side  of  the  river,  and 
also  i-eceives  its  power  by  electric  transmission  from  the  Buchel 
plaiit.     bi  all,  760  acres  of  rioe  wero  irrigated  at  these  farms  in  1!)09. 


The  plant  of  the  Victoria  Rice  and  Irrigation  ('ompany  in  located 
10  miles  south  of  Victoria,  and  takes  its  water  fi-om  the  Guadalupe. 
On  the  east  side,  at  the  first  lift  on  the  river,  there  are  two  i^JS-horae- 
power  Grownell  engines  operating  the  pumps  against  a  lift  of  2'2  feet. 
The  river  plant  delivers  the  water  into  a  flume  l,iOO  feet  long,  and 
this  empties  into  a  reservoir  24  by  135  feet  by  0  feet  deep.  The  second 
lift  is  41i  feet,  and  two  oSS-horsepower  Corliss  engines  operate  the 
punipH.  The  second  flume  is  400  feet  long  and  delivers  the  water  into 
the  main  canal.  There  are  5  miles  of  100-foot  canals,  2  miles  of  7S- 
foot  laterals,  and  3  miles  of  (JO-foot  laterals.  The  highest  point  of 
land  to  be  irrigated  is  fi2  feet  above  the  ordinary  water  level  of  the 
river,  and  there  is  a  fall  of  IH  inches  from  the  second  lift  to  this  high- 
eat  land.  In  1902  2,700  ac-re.f  were  irrigated.  Wood  is  used  as  fuel 
at  present,  but  it  ia  the  intention  to  substitute  Beaumont  oil  soon, 
transporting  it  down  the  canal  by  boat  to  the  plants. 

Four  miles  west  of  Victoria  Harry  Rathbone  has  6U  acres  in  Japan 
rice  tills  season.  He  derives  the  water  from  Piidharns  Lake,  and  a 
B-horsepower  engine  operates  the  5-inch  centrifugal  pump  under  a  lift 
of  8  feet.  The  soil  is  .sandy  river  bottom.  Twelve  miles  alwve  Vic- 
toria John  T.  Rusk  has  a  well-plant  rice  farm,  but  lat«ness  in  obtain- 
ing water  renders  its  acreage  doubtful  for  tliis  season. 
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BROWNSVILLE  IRRIGATION  SYSTEM. 

The  center  of  riec*  culture  in  Texas  takes  its  way  considerably  west- 
ward for  1002,  on  account  of  the  big  irrigation  system  near  Hrownsville, 
on  the  Lower  Rio  Grande.  During  1 901  this  system  was  exi^erimental, 
consisting  of  the  machinery  of  an  unused  irrigation  plant.  The  experi- 
ment was  so  successful,  however,  that  the  company,  the  Bi-ownsville 
Land  and  Irrigation  Company  (W.  M.  Ratcliff,  manager),  lias  made 
plans  to  extend  the  system  on  a  large  scale,  at  a  cost  of  $250,000.  The 
plant  is  5^  miles  below  Brownsville.  Rice,  sugar,  and  cotton  will  be 
raised  by  irrigation.  The  plant  now  consists  of  one  SOO-horsepower 
Chandler  <fc  Taylor  engine  and  an  Ivens  centrifugal  pump,  having  28- 
inch  suction  and  24-inch  discharge  pipes,  and  an  estimated  capacity  of 
80  second-feet  under  the  lift  of  11^  feet.  The  horsepower  of  the  en- 
gine, if  actual,  ought  to  treble  this  discharge.  The  water  is  first  pumped 
into  a  flume  3  feet  by  18  feet  by  40  feet  long,  and  then  is  delivered  into 
the  canals.  The  main  canal  is  12  miles  long  and  120  feet  wide,  and  there 
are  IfJ  miles  of  laterals  100  feet  wide.   The  fuel  used  is  mesquite  wood. 

AREA  DEVOTED  TO  RICE  CULTURE.  BY  COUNTIES. 

Acres.  Acres. 

Jeflferaon .  44,380  ,  Cameron 3,000 

Matagorda..     .  35, 460  ,  Victoria .     .     2,770 

Wharton. 23,600  >  Austin ...  1,220 

Liberty.   -    ....  16, 200     Galveston  .. . 800 

Colorado ..  1 1 ,  450     Washington        780 

Orange 10, 850  !  Dewitt  . .     750 

Harris.   ..           .           .  9,100     Jackson  .       430 

Cliaml)er8               ...       .     .  9.000  '  Waller 400 

Fort  Bend        8, 830  

Brazoria... .  3.150                Total    . ..  182,170 

PROPOSED  PLANTS. 

In  addition  to  the  systems  described  above  there  will  be  several 
bi^  plants  operating  in  1003.  The  Treadway  C'aual  Company  will 
take  its  water  from  the  Neches  River  8  miles  northwest  of  Beaumont 
and  irrigate  land  on  each  side  of  the  Southern  Pacific  Railroad.  It 
is  contcMuplated  to  bring  25,000  acres  in  cultivation  by  this  canal. 
The  canals  are  already"  under  construction. 

The  T(»xas  Land  and  Irrigation  Company  is  installing  a  plant  to 
take  it.s  water  from  th(»  Brazos  River  northeast  of  Wallis.  Its  canal, 
already  under  construction,  will  extend  in  a  southerly  direction,  and 
it  is  int(»ndcd  to  bring  the  land  between  Wallis,  Rosenbei*g,  and 
East  Bernard  under  canal. 

The  Illinois  Irrigation  Company  proposes  to  take  out  a  canal  from 
the  Brazos  River  north  of  Sealy,  near  San  Felipe,  and  irrigate  lands 
north  and  south  of  Sealy. 

The  San  Jacinto  Rice  and  Irrigation  Company  expects  to  put  in  a 
plant  on  the  San  Jacinto  River  east  of  Houston  in  11)03. 

The  Wallace-Radford  Company  intends  to  irrigate  lands  east  of 
Eiig\e  Lake  bv  a  (»anal  systcnn  to  take  water  from  Colorado  River. 


APPENDIX 


The  following  statement  of  the  Texas  lawH  |)ertaining  to  irrigation 
was  prepared  by  Judge  John  C.  Townes,  professor  of  hiw  in  the 
University  of  Texas: 

A  water  oonrae,  as  the  words  are  used  in  this  connection,  han  been  defined  as 
** a  stream  osnally  flowing  in  a  particular  direction,  though  it  need  not  flow  con- 
tfanully.  It  may  sometimes  be  dry.  It  must  flow  in  a  definite  channel  having  a 
a  bed,  sides,  or  banks,  and  usually  discharges  itself  into  some  other  Htream  or 
body  of  water."    )!7Wi8..fl(n.   Cooi.ky  Torts,  jH8. 

It  win  be  observed  that  the  water  supply  need  not  be  sufficient  to  cause  the 
ftream  to  flow  all  the  time.  It  must  flow  habitually,  though  not  necessarily 
vointerniiytedly.  There  must  be  a  definite  channel;  that  is.  a  bed  or  place 
where  the  water  passes  along  over  the  same  depression  or  lower  Hurfac^e,  which 
ii  bomided  or  limited  by  ascertained  and  definite  sides  or  banks.  When  these 
things  occur,  the  water  thus  (confined  and  seeking  a  regular  outlet  is  a  water 
oooTBe  or  stream.  Water  standing  in  a  depression  and  not  fi<  )wing  is  n<  )t  a  stream. 
Water  flowing  not  in  a  defined  channel,  as  surface  water  after  a  rain,  is  not  a 
stream.  In  our  changeable  climate  it  is  sometimes  difficult  to  determine  the 
question  as  a  fact  regarding  any  particular  l)ody  of  water.  Sometimes  there  is  a 
well-defined  channel,  but  no  water  except  immediately  after  rains;  again  there 
are  channels  down  which  water  flows  frequently,  but  not  continuously.  How 
often  it  is  to  nm  and  how  long  during  the  year  must  be  answered  from  the  facts 
in  each  case.  If  there  is  a  well-deflned  channel  down  which  water  passes  usually — 
habitually — it  is  enough,  though  it  may  sometimes  l>e  dry.  If,  however,  it  is 
asually  dry.  with  water  flowing  in  it  only  occasionally,  it  is  not  a  stream. 

The  water  passing  in  these  streams  is  not  owned  by  anyone.  The  proprietors 
of  the  land  crossed  by  or  bordering  on  the  stream  have  le^al  rights  in  its  use,  but 
have  no  property  in  the  water  itself.  These  rights,  like  all  others,  liave  their  cor- 
relative duties,  and  the  proprietors  of  the  several  estates  must  have  regard  at  all 
times  to  the  obligations  under  which  each  rests  toward  the  other.  All  persons 
who  own  land  along  a  stream  are  coproprietors  in  its  use.  Thesf^  uses  are  of  two 
kinds — domestic  or  natural  on  the  one  hand,  and  artificial  or  commercial  on  the 
other  hand.  As  to  the  first,  the  right  of  use  is  very  extensive,  and  the  proprietor 
who  first  gets  aix^ess  to  the  water  lawfully  may  (•()mi)let'ely  exhaust  it  in  these 
natural  or  domestic  uses  without  ininirring  liability  in  so  doing.  It  is  not  so  with 
the  second — the  artificial  or  comnnTcial  use.  Here  no  tnut  has  an  exclusive  privi- 
lege. The  upper  proprietor  can  nsi*  it  for  these  puri)oses  provided  that  after  this 
nse  he  permits  it  to  leave  his  land  at  the  same  place,  in  the  sjune  quantity,  and  of 
the  same  quality  that  it  would  have  but  for  such  use. 

It  is  ajiparent  that  the  rights  and  liabilities  of  the  parties  vary  greatly  as  the 
nse  made  of  the  water  is  of  the  om*  or  the  other  class.  It  therefore  becomes 
imiKfrtant  to  understand  what  uses  fall  In  each  class.  Domestic  or  natural  ])ur- 
punes  embrace  drinking  x>urposes  for  one's  family  and  his  own  <loinestic  animals, 
culinary  puriwses,  and  w^ashing,  and  all  the  uses  al)out  one's  premises  niHJessary 
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to  sustain  life.  Artificial  or  commercial  uses  are  all  those  in  which  water  is  not 
used  directly  to  sustain  life  or  to  give  comfort,  but  is  a  means  of  x)ecuniary  profit 
or  indirect  means  of  comfort.  This  seems  to  be  the  line  of  separation.  It  works 
out  different  results  in  different  localities.  It  seems  to  be  considered  everywhere 
that  the  uses  mentioned  under  the  head  of  domestic  purposes  are  such,  and  that 
for  any  of  these  purposes  the  upper  proprietor  or  the  one  first  getting  lawful  access 
to  the  water  may  use  it  to  the  entire  exhaustion  of  the  supply. 
The  following  are  the  decisions  of  the  supreme  court  of  Texas: 

FLEMING    r.  DAVIS,  37  TEX.,  173;    APPEAL  FROM  SAN  SABA  COUNTY,  1872. 

Syllabus  2. — Irrigation  of  land,  however  beneficial  in  some  x)ortions  of  this  State, 
is  not  one  of  the  natural  wants  which  will  justify  the  owner  of  a  head  spring  in 
exhausting  the  water  which  flows  from  it.  to  the  injury  of  proprietors  lower  down 
on  the  natural  channel  of  the  stream.  The  maxim  sic  utere  tno  ut  alienum  non 
loedas  applies.  The  case  of  ToUe  v,  Correth,  31  Tex.,  362,  is  not  tmderstood  to 
have  decided  a  contrary  doctrine. 

Syllabus  t^.— In  the  distribution  of  the  water  of  a  natural  stream  among  the 
riparian  proprietors  the  principles  of  the  common  law  furnish  the  only  rules 
judicially  known  in  this  State;  and  a  suit,  it  seems,  can  not  be  sustained  to  par- 
tition a  natural  stream  among  riimrian  proprietors  by  allotting  to  each  a  si)ecified 
time  to  appropriate  its  waters. 

BAKER  r.    BROWN.  .V>  TEX.,  377;   APPEAL   FKOM   SAN   SABA  COUNTY,  1881. 

Syllabus  /.—The  right  to  use  water  for  purposes  of  irrigation,  when  its  use  is 
not  indispensable,  but  is  resorted  to  for  the  purpose  of  increasing  the  products  of 
the  soil,  must  be  subordinate  to  the  right  of  a  coproprietor  to  supply  his  natural 
want«  and  those  of  his  family,  tenants,  and  stock,  by  using  the  water  for  neces- 
sary and  domestic  purjMJses. 

Syllahita  J:  Limitations;  riparian  rights. — The  rights  of  a  riparian  proprietor 
to  the  use  of  the  water  may  be  restricted  or  lost  by  grant  or  by  prescription,  under 
such  adverse,  continuous,  uninterrupted  user  and  occupation  by  another  as  would, 
by  analogy  to  the  statute  of  limitations,  bar  the  right  of  entry  upon  lands.  Ten 
years'  use  and  occupation  would  in  Texas  be  the  period  of  prescrii)tion. 

MUD  CREEK    IRRIGATION  CO.  r.  VIVIAN,  74  TEX.,  171;   APPEAL   FROM    KINNEY   COirNTY.  1H89. 

Syllabus  1:  Irrigation  corporal ioiis. — An  irrigation  company  chartered  under 
general  law  and  whose  charter  designates  the  locality  of  its  canals  acquires  thereby 
no  exclusive  right  t^)  the  use  of  the  waters  of  a  flowing  stream  on  which  it  depends 
for  its  supply.  By  virtue  of  the  charter  of  its  incorporation,  which  authorized  the 
acquisition  by  gift,  purchase,  or  condemnation  of  all  property  necessary  to  the 
irrigation  enterprise,  it  secured  the  right  to  obtain  in  the  manner  designated  the 
privilege  of  using  the  water  of  a  stream,  but  the  charter  did  not  propria  vigore 
confer  that  right  in  the  absence  of  a  purchase,  gift,  or  condemnation. 

Syllabus  ;.';  Constitutional  law. — The  legislature  can  not  destroy  or  impair  the 
vested  rights  of  a  riparian  proprietor  by  conferring  a  si)ecial  i^rivilege  on  an  irri- 
gation company  without  i)roviding  for  the  payment  of  a  just  compensation. 

Syllabus  ^i:  Riparian  pnppricfors:  irHgation  cases  rcriewcd. — Tolle  r.  Correth. 
'M  Tex.,  365,  and  Fleming  r.  Da\ns,  37  Tex..  173,  reviewed,  and  the  doctrine 
aimonnced  that  a  riparian  proprietor  has  the  right  to  divert  water  flowing  along 
or  through  his  land  to  purposes  of  irrigation,  althougli  tlie  effect  of  such  use  is  to 
leave  to  a  vi))arian  j)roprietor  on  the  stream  below  him  a  supi)ly  of  water  insuf- 
ficient ror  irrigation.  No  opinion  is  exi)ressed  as  to  whether  water  can  be  used 
by  a  riparian  proprietor  for  irrigation  so  as  to  render  insuflficient  the  supply  for 
ordinary  use  to  those  owning  land  lower  down  the  stream. 
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ifl|llabiw  4:  PreacHpHan.^A  prescriptiye  right  to  use  water  for  irrigation  will 
Fit  aoqidied  by  the  nnintemipted  nm  of  the  water  for  such  pnrpoee  tmder  a  claim 
:  tf  xi^t.  Bat  this  right  can  only  be  enforced  against  riparian  proprietors  on  the 
below  when  the  water  has  been  continnonsly  need  for  ten  years  nnder  a 
of  right.  It  can  not  be  asserted  against  a  riparian  proprietor  by  or  through 
whose  land  the  water  flowed  before  it  reached  the  point  below  where  it  is  appro- 
priated by  the  one  claiming  the  prescriptive  right. 

SffllabHs  5:  Presumption  of  grant. — The  presumption  of  a  grant  from  long  con- 
tinned  enjoyment  can  exist  cmly  as  againnt  thoHe  who  might  have  prevented  or 
iBtermpted  the  use  of  the  subject  of  the  Hupposed  grant. 

in  rendering  the  opinion  in  this  case,  Judge  Gaines  said: 

**It  is  true  that  the  act  of  March  10,  1875,  provides  that "  any  *  *  *  canal 
eompany  shall  have  the  free  use  of  the  waters  and  streams  of  the  State/  but  the 
pnnisions  of  that  act  ajiplied  as  well  to  ordinary  companies  as  to  corporations. 
I^ws.  3d  sees.,  14th  Leg.,  77.  Besides,  we  are  of  the  opinion  that  the  provision 
could  be  held  only  to  apply  to  streams  upon  the  public  lands  of  the  State,  since  the 
legjslatnre  had  no  power  to  take  away  or  imjiair  the  vested  rights  of  riparian 
owners  without  providing  for  the  payment  of  a  just  compensation.  If  the  defend- 
aots  or  the  owners  of  the  land  along  the  stream  in  controversy  had  the  right  to 
use  the  water  for  the  purpose  of  irrigating  their  lands,  tliat  right  remained  unaf- 
fected by  the  plaintiff's  incorporation  or  by  the  legislaticm  of  the  State  passed  for 
the  encouragement  of  irrigation.  It  seems  to  be  the  rule  of  the  common  law  that 
a  riparian  owner  has  no  right  to  use  the  water  of  the  stream  for  irrigating  his 
holds,  provided  it  interferes  with  the  uses  of  the  water  by  those  who  own  the 
lands  upon  the  stream  below.  That  this  is  a  proper  rule  in  England  and  in  those 
States  where  the  rainfall  is  sufficient  for  the  purposes  of  agriculture  we  freely 
concede,  but  we  are  of  opinion  that  in  those  sections  where  irrigation  is  ne<'essary 
to  the  successful  pursuit  of  farming  it  should  not  apply.  What  \h  not  a  neces- 
sary use  in  the  one  case  becomes  necessary  in  the  otli^^r.  Evant^  r.  Merri  weather, 
3  Scam.  (111.),  496.  It  was  so  held  in  Telle  r.  Correth,  81  Texas,  :?«5.  and  though 
this  decision  was  criticised  in  the  sulweciuent  case,  Fleming  r.  Davis,  87  Texas, 
173.  we  are  of  the  opinion  that  it  recognizes  a  correct  rule  of  law  as  applied  to 
the  present  case. 

'*  We  think  it  a  matter  of  common  knowledge  that  there  are  portions  of  onr 
State  where  the  business  of  agriculture  can  not  he  successfully  prosecrutcd  through 
successive  years  except  by  irrigation,  and  it  is  to  \ye  iiiftTred  from  the  allegations 
of  the  petition  that  the  section  w^liere  the  stream  in  controversy  is  situated  is  of 
that  character.  We  think,  therefore,  that  the  defendants  had  the  ri^ht  to  divert 
the  water  which  flowed  in  the  stream  along  or  through  their  lands  for  the  purpose 
of  irrigating  them,  although  the  effect  of  such  use  was  to  leave  ^he  plaintiff  (cor- 
poration an  insufficient  supply  for  the  same  puri)ose.  Whether  they  ha<l  the  right 
to  divert  the  whole  of  it  and  leave  an  insufficient  sui)i)ly  for  the  ordinary  use  of 
the  lower  riparian  owners  we  need  not  in  this  case  determine.*' 

From  these  cases  it  is  clear  that  the  i)urposes  named  above  as  domestic  are 
reganled  as  such  in  this  State,  and  that  irrigation  ordinarily  is  not  such  a  use, 
hut  that  if  in  any  particular  locality  the  business  of  agriculture  can  not  he  suc- 
cessfully prosecuted  through  successive  years  excei)t  by  irrigation,  such  use  in 
such  locality  may  1k»  regarded  as  domestic,  in  a  qualified  sense;  that  is,  so  far  as 
to  give  the  right  to  so  use  the  water,  even  though  it  may  deprive  lower  proprie- 
tors of  the  opportunity  of  similar  use.  tliou^h  this  can  not  1k^  d<me  to  the  extent 
of  cutting  off  the  supjily  for  drinking  water,  household  puriK)8es,  or  for  stock. 
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Fischer,  C.  F.  H.,  irrigation  plant  of (tl 

Fleming  Springs,  irrigation  from H7 

Flemming,  O.  B..  irrigation  plant  of 47 

Flood,  damage  caused  by,  in  1H07 16 

FloresTille,  irrigation  near 58 

Ford  Hollow  Bprlng.  irrigation  from 48 

Fort  Bend  C4>unty,  rice  rnltivati<in  in . . .     101. 

l04-m> 

rice  culture  in,  area  devoted  to \ii 
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pumping  plants  of Ir4-lii5 

Fort  Clark  Reservation,  ditch  used  liy 

Indians  living  on 28 

Fort  Inge,  irrigation  near W 

Fort  McKavett,  inri^t  ion  near .'¥) 

Fort  8t4Kikton,  irrijnit  ion  HyHteniM  near      17  Itt 

irrigation  KyHtenis  near,  map  show- 

inif - IH 

Foster.  H.  L.,  well  plant  of lU 

Franklin     IrriKHtion     Comiwny.    ('anal 

owned  by.  features  of   IH  14 

map  i^bowinx 14 

Freeman,  I..  irrijfHtion  i)lant  of  ii2 

Froemau.  J.  R..  irrigation  jjlant  of »)2 

G. 

(Galveston  County,  riro  r-ultivation  in  ...  102 

ri<'e  <'ultur».'  in.  area  devoted  to 1^4 

(ranado.  rie<«  rnltivation  near IIW 

C4ardner.  A.  F..  Irrigation  plant  of rs 

(4an*tzky .  Fnink.  area  irrigated  by 1 IJJ 

Garlan<l,  J.  (4.,  farm  of.  maj)  showing  lo- 
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rii'e  cultivation  by H9 

(iarrrt.  I).  ('..  irrigation  i>lant  of G2 

(Jarw«M»(l,  ri«'«'  irrigation  n«'ar Ill 

(larza  dit«'li,  f«'atur»is  «»f is 

(4«'Uoa.  ri«e  oulti  vat  ion  near  li»2 

Georgetown,  irrigation  near 77 
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riiv  c^ltam  in.  bVM  dsTOted  to 
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wellM  in,  ri<T)  irrigation  (mm 1 
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Joni's.  P,  B,  will  plnnt  of 
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hf 60 
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^■eOreBk,lRi0atloBfrom 4<M7 

L. 

UbdtoiTloacnltlvatlonnear 91-88 

48 
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Lmbp— a^  Inijatinn  plant  near 75 

TampMM  Coimty-,  irriicatlon  plant  in 75 

Ijada,  H..  irrigation  idanta  of 60 

LmdmnL,  William,  irrigation  plant  of .  .       4:; 

lands,  cattle,  extent  of 11 

UaUeCoanty,  irrigation  in 6S 

LMXoraa  Creek,  flow  of 2H 

irrigation  from a*-30 

mapahowing 2» 

Iawh  pnlalning  to  irrigation,  8tat<»ment 

of IJR  127 

Layton  irrigation  plant,  f («turefl  of 57 

L.  C.  paBtnre,  irrigation  of .10 

Leakey,  irrigation  near 41-42 

Lee.  W.  T.,  irrigation  plant  of K) 

Leech,  J.  W.,  area  irrigated  by 118 

Lensen,  Q.  P.,  irrigation  plant  of HI 

Leon  ditch,  map  showing IH 

Leon  epnngjrrigation  from 19 

Leona  River,  charac^r  of rt5 

flowof m 

irrigation  plants  along iiVCT 

Leoncito  Creek,  ditches  along 'Ji) 

Lepan  Creek,  irrigation  from 74 

Levees,  hnilding  of.  for  rice- farm  cutihIs. 

plateshowing VJH 

Liberty  Connty,  rice  cultivation  iu int  -KM) 

rice  culture  in,  area  devoted  to 1^4 

rice  irrigation  in,  map  showing s7 

wells  in,  rice  irrigation  f rt>m  . ! W  Mfi} 

Limbia  Creek,  irrigation  from 21 

Limestone  Connty,  irrigation  in Tu  ^) 

Linderholm,  John,  rice  irrigation  by .      11 4.  IIK 

Lindsay,  D.  E.,  irrigation  plant  of 2i) 

LIppard,  X  X.,  irrigmtion pimnt  of. 4.'-4l 
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Unde,  riee  irritatloii  new 114-115 

Uthgow,  P.  H.,  irrigation  plant  of 88^ 

Utile  Paint  Creek,  irrigation  fktim 47-48 

Little  River,  irrigation  from 77 

Llano  Eatacado,  features  of,  and  irrlga- 

tionjdantaoo TV 

Llano  River,  irrigation  from 48-Til 

Locke,  Otto,  irrigation  plant  of 60-81 

Long,  A.  B.,  irrigation  plant  of 44 

Longworth  A  Oaylor,  area  irrigated  by . . .    116 

'  Louis,  W. 8.,  area  irrigated  by IIA 

I  Louise,  rice  cultivation  near llH-119 

well  plants  near 116 

Lovell  Brothers,  fturm  of,  map  Hlutwing 

locationof H6 

rice  cultivation  by 98 

Lowe,  Q.,  irrigation  plant  constructed  by .       47 

Lower  ditch,  irrigation  by 66 

Lowman,R.  J.,  irrigation  plant  of 68 


Mabry,  A.  F..  irrigation  plant  of 71-78 

McBride  A  Lester,  area  irrigated  by 116 

McCan,  James,  area  irrigated  by 60 

McClelland.  (..£.,  statement  by,  relative 

to  irrigation  in  Hale  County. .       78 

McI>owell,  W.'G.,  irrigation  plant  of 58 

McFiadden  &  Wiess.  fisrm  of.  map  show- 
ing location  of 86 

rice  cultivation  by 96 

IfcOee  Irrigation  Company,  plant  of 70 

McGovem  ditch,  features  of 88 

McHenry.  8.  A.,  area  irrigated  by 60 

McLain,  Oeorge,  rice  irrigation  by 115,116 

McLane.  J.  B. ,  irrigation  plant  of 77 

McLane  A;  I'rain.  irrigatitm  plant  of 77 

McLaughlin,  S.  W. ,  irrigation  plant  of ... .       40 

MoBIanus.  (*.  J.,  rice  irrigation  by W-fl7 

M<rNeill.  P.  E.,  irrigation  plant  of (10 

Madre  ditcli.  dam  supplying,  plate  show- 
ing          8K 

Madrigal,  S.  V.,  irrigation  plant  of W) 

Blagruder. ,  irrigation  plant  of KI4 

Malmquist,  C.  T..  ri<e  irrigation  by 1  ir>.  1 1(1 
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showing i 
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West  Valley  ditch  of.  plate  showing. 

Marshall.  Frank,  rice  Irrigation  by 111, 
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Mosterson,  B.  T..  irrigation  plant  of 
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Matagorda   County,  areafl  irrigated  in. 
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U*ve«»B  for  (*nnalH  in.  plate   showing 
"hnWdingol 


134 


INDEX. 
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Maxwell,  Z.  T.,  irrigation  plant  of :w 
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NeLson.  John,  irrigation  plant  of 
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j  Nordin.  P.  H,  rice  irrigmtion  by 117.1W 
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North  Laredft.  irrigation  plantHat ®*-6> 

Noyes  ditch.  <'onHtmction,  ciMt,  and  fe»- 
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Nu(*<'<*s  C'ounty,  irrigation  in 6U 
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irrigation  Hy»t«ma  along  low«*r 8WB 
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P»MMis   River    In*igati<m  Company,    ft-a- 
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Khowinir  kicmtion  of ^> 

pfauitof »fi 

rice  thnvher  on  plantation  of.  iilatf 
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Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D,  C,  May  2J^  1902. 

Sir:  I  have  the  honor  to  transmit  herevrith  a  manuscript  by  Mr. 
Marshall  O.  I^ighton,  relating  to  sewage  pollution  in  the  metropolitan 
area,  and  to  request  that  it  be  published  in  the  series  of  Water-Supply 
and  Irrigation  Papers.  In  an  investigation  of  the  water  resources  of 
the  country  it  becomes  necessary  in  the  thickly  settled  x>ortion8  to 
give  consideration  not  merely  to  the  quantity  of  water  and  its  fluctu- 
ations, but  also  to  the  quality,  and  to  the  changes  that  are  taking  place 
owing  to  the  presence  of  various  industries. 

The  best  methods  of  utilizing  the  water  resources  of  the  country  are 
dependent  not  only  upon  geologic  and  topographic  features,  but  also 
upon  what  has  been  termed  cultural  conditions,  the  latter  embracing 
all  of  the  changes  brought  about  by  man.  The  accompanjdng  discus- 
sion by  Mr.  Leighton  relates  to  a  portion  of  the  most  thickly  settled 
part  of  the  United  States,  and  sliows  that  water  resources  may  be  so 
misused  that  streams  which  in  their  natural  condition  were  useful  and 
attractive  mav  bo  rendered  obnoxious  and  made  sources  of  loss  to  the 
community. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  VValcott, 

Director  United  States  Geological  Survey. 
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SBWAGE  POLLUTION  IN  THE  METROPOLITAN  AREA 
NEAR  NEW  YORK  CITY  AND  ITS  EFFECT  ON 
INLAND  WATER  RESOURCES. 


By  Marshall  O.  Letghton. 


XORMAIi  WATERS. 

In  a  primeval  country,  undinturbed  by  the  advance  of  civilization, 
where  there  are  no  hoases,  bams,  or  factories,  the  water  that  flows 
from  a  drainage  basin  may  be  said  to  be  normal.  This,  however,  does 
not  mean  that  the  water  is  chemically  pure.  The  water  of  precipita- 
tion or  rainfall,  which  is  the  origin  of  all  surface  waters,  takes  thrc^ 
eonrseB,  the  proportion  carried  along  each  depending  upon  many 
physical  characters  and  conditions.  There  is,  first,  that  which  is 
evaporated  or  absorbed  by  vegetation ;  Hccond,  that  which  runs  off  the 
ground  directly  into  water  courses;  and  third,  that  which  sinks  into 
the  ground  and  reappears  in  various  woll-known  ways  aft<»r  having 
filtered  through  the  earth. 

The  character  of  the  wat/cr  is  markedly  iuflueiiced  by  tlio  ingre- 
dients which  it  takes  up  along  these  courses,  and  thereforc  chemically 
pure  water  is  seldom  found  in  nature  Water  that  runs  along  the 
earth's  surface  directly  into  natural  water  courses  carries  in  suspen- 
sion a  large  quantity  of  fine  particles  wliich  lie  in  its  way — vegetable 
matter  in  a  state  of  complete  disintejrnition,  organic  matter  in  various 
stages  of  oxidation,  minute  particles  of  sand  and  mineral  matter  from 
the  earth,  and  large  quantities  of  silt.  On  the  other  hand,  water  that 
sinks  into  the  ground  leaves  beliliid,  in  the  majority  of  cases,  these 
suspended  particles,  but  when  it  reappears  it  carries  in  solution  the 
soluble  mineral  constituents  of  the  earth  through  which  it  has  passed, 
and,  if  it  then  contains  any  dissolved  organic  matter  it  is  usually  in  an 
advanced  state  of  oxidation.  Water  thus  dis(»harge<l  from  drainage 
areas  is  by  no  means  uniform  in  composition,  nor  is  it  of  the  same 
nature  in  the  same  area  during  a  series  of  examinations.  Run-off 
Water  varies  in  charact/cr  according  to  the  amount  of  precipitation,  the 
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season  of  the  year  and  consequent  state  of  vegetation,  the  extremes  of 
temperature,  the  nature  and  slope  of  the  surface  of  the  land,  and  many 
other  physical  conditions,  varying  familiarly  from  season  to  season. 
During  the  season  of  copious  rains  it  is  observed  that  water  from  a 
drainage  area  carries  along  more  sediment  than  during  seasons  of 
normal  precipitation,  and  analysis  would  show  that  the  organic  matter 
contained  in  the  water  is  in  larger  proportion.  At  the  close  of  the 
warm  season,  during  which  vegetation  has  been  flourishing,  there  is 
much  less  decayed  and  dried  vegetable  matter  to  be  carried  along  than 
during  the  spring  season,  after  the  winter  has  destroyed  the  tender 
growth  of  the  previous  summer.  Again,  during  the  warm  season  there 
is  a  larger  proportion  of  precipitiition  absorbed  by  vegetation  and 
evaporated.  The  season  is  also  a  factor  in  determining  the  condition 
of  water  in  countries  in  whicli  snow  covers  the  ground  for  a  part  of 
the  year.  During  the  time  of  snow  the  water  which  during  warm 
seasons  would  be  immediately  diverted  to  its  accustomed  channels  is 
retained  upon  the  surface  of  the  earth,  to  be  evaporated  by  prevailing 
winds  or  to  be  melted  quickly  upon  the  approach  of  spring. 

The  slope  and  the  nature  of  the  surface  of  the  land  are  important 
factors  in  determining  the  character  of  surface  waters.  WTiere  sur- 
faces are  steep  and  smooth  a  large  proportion  of  water  runs  directly 
into  streams,  and  with  it  a  great  amount  of  sediment,  while  upon 
most  flat  surfaces  nearly  all  the  precipitation  not  directly  evaporated 
sinks  into  the  ground.  Between  the  steep,  smooth  surfaces  and  the 
flat  ones  there  are  many  gradations,  each  having  its  effect  upon  the 
final  content  of  run-off  water. 

Distance  from  the  ocean  is  another  factor  influencing  the  character 
of  water.  This  has  been  the  subject  of  an  extended  series  of  investi- 
gations by  the  Massachusetts  State  board  of  health,  and  later  by 
other  bodies,  both  corporate  and  private.  It  is  found  that  the  amount 
of  chlorine  is  highest  at  coast  points,  and  as  we  recede  farther  and 
farther  inland  the  proportion  in  normal  waters  grows  correspondingly 
smaller,  so  that  it  is  possible  to  trace  upon  the  map  of  a  country  the 
lines  of  uniform  normal  chlorine  in  much  the  same  manner  that  lines 
of  equal  altitude  are  traced  upon  a  topographic  map. 

The  stiite  of  preservation  of  the  forests  of  a  country  exerts  an  influ- 
ence of  great  importance  upon  the  character  of  surface  waters  and 
upon  the  flow  of  streams.  In  the  absence  of  trees  there  is  less  absorp- 
tion of  rain  water  by  the  ground  and  a  correspondingly  larger  pro- 
portion is  carried  directly  into  the  wati»r  courses  with  a  greater 
amount  of  s(»diraent,  so  that  a  drainage  area  that  has  been  largely 
denuded  of  trees  is  subject  to  greater  variation  of  stream  flow  and 
more  frequent  freshets  than  is  an  area  that  is  in  large  part  covered 
by  forests.  On  denuded  areas  there  is  less  evaporation,  and  ulti- 
mately the  whol(»  charact'Cr  of  th<^  surfaci*  may  be  so  changed  by  loss 
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of  TQgetfttton  And  extensive  erosion   that  the  immediate    run-off 
water  may  oomprlse  almost  the  entire  precipitation. 

Having  reviewed  the  more  important  conditions  and  influences  that 
sflSeet  the  oharaoter  of  normal  water,  let  us  consider  the  economic 
▼aloe  of  water  to  the  community.  Intercepted  and  stored  in  reser- 
Toin  It  has  become  indispensable  to  large  communities  for  domestic 
tad  mannfaoturing  uses;  from  prehistoric  times  large  rivers  have 
been  used  as  avenues  of  transportation ;  as  motive  power  water  has 
been  used  forages;  vast  harvests  of  ice  are  gathered  from  the  surface 
of  Northern  rivers;  in  arid  countries  water  flnds  extensive  use  in  irri- 
gation ;  it  may  be  the  source  of  food  supply  through  fisheries,  and  its 
presence  in  a  country  is  valuable  from  a  purely  aBsthetic  point  of 
view,  lakes  and  fountains  forming  a  natural  nucleus  for  x>arkSy 
resorts,  and  places  of  rest  and  recreation. 

POIiliUTED  WATERS. 

When,  however,  man  makes  his  abode  in  any  area  and  carries  on 
kis  normal  life,  the  water  draining  that  area  soon  assumes  characters 
which  it  had  hitherto  not  possessed.  It  now  contains  the  products  of 
excretions  of  man  and  of  the  domestic  animals  that  accompany  him,  and 
the  amount  of  change  in  the  character  of  the  water  depends  entirely 
apon  the  number  of  people  and  their  pursuits.  In  the  beginning  pol- 
lution is  indirect,  but  with  social  and  commercial  progress  come  modern 
improvements,  and  eventually  the  public  sewer  is  laid  to  the  nearest 
and  most  convenient  body  of  water.  This  is  the  natural  course,  and 
in  inland  municipalities  there  may  be  developed  in  the  course  of  time 
a  system  of  sewerage  conducting  such  a  volume  of  city  waste  that  the 
largest  river  on  the  globe  can  not  dilute  it  sufficiently  to  disguise  its 
presence.  Let  us  consider  briefly  whether  water  so  pollute<l  can  l)e 
applied  to  all  of  the  uses  to  which  noniial  waters  have  been  found 
applicable. 

Many  American  cities  have  l>een  taught  by  dear  experience  that  it 
is  fatal  to  provide  polluted  watere  for  household  purposes.  Lowell 
and  Lawrence,  Newark  and  .Jersey  City,  Albany,  Pittsburg,  Louis- 
ville, Cincinnati,  and  many  other  cities  have  profited  by  that  exi)eri- 
ence.  Philadelphia  has  just  shaken  off  the  lethargy  of  decades  and 
is  now  preparing  to  filter  the  n»fuse  of  municipalities  on  tlie  upi)er 
Schuylkill  and  Delaware.  Othca*  cities  have  their  lesson  yet  to  learn, 
but  each  will  probably  learn  it  only  when  its  group  of  mourners  has 
become  large  enough  to  demand  attention.  With  childlike  faith  the 
city  of  Albany,  reassured  by  the  advice  of  an  eminent  chemist,  estab- 
lished its  water  intake  in  the  cesspool  of  the  Hudson.  Yet  after  a 
few  years,  during  which  many  lives  were  lost  in  the  ravages  of  water- 
borne  disease,  it  constructed  one  of  the  most  extensive  filters  in  the 
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country,  at  a  cost  of  half  a  million  dollars.  He  who  says  that  a  pol- 
luted river  will  purify  itself  in  the  course  of  several  miles  reckons 
with  an  unknown  force  which  will  probably  fail  him  at  the  critical 
time. 

The  same  conditions  and  statements  apply  to  ice.  Although  recent 
work  seem.s  to  show  that  the  germs  of  typhoid  fever  do  not  remain 
intact  in  ice  as  long  as  was  formerly  supposed,  there  is  yet  but  little 
evidence  obtained  concern inc:  the  bacteria  of  other  water-borne  dis- 
eases. Irrespective  of  disease  organisms, -the  use  of  ice  from  pol- 
luted waters  in  our  houses  and  markets  is  abhorrent  and  will  not  be 
tolerated. 

As  a  rule,  the  presence  of  pollution  in  water  used  for  irrigation  is 
not  a  detriment.  On  the  contrary,  it  may  be  an  aid  to  vegetation, 
although  tlu}  manurial  value  of  sewage  is  not  so  great  as  is  popularly 
supposed. 

The  use  of  water  for  power  is  not  usually  affected  by  pollution, 
although  in  some  eases  mill  ponds  have  become  grievous  nuisances 
on  ac<^ount  of  the  storage  of  pollution  from  a  municipality  above.  In 
certain  kinds  of  manufacturing,  however,  pure  water  must  be  used, 
and  in  such  cases  the  use  of  polluted  water  from  a  neighboring  stream 
is  prohibited,  so  that  an  added  expense  is  necessitated  for  another 
supply  and  the  value  of  the  near-by  stream  is  diminished. 

A  single  stream  very  seldom — almost  never — embraces  all  of  the 
uses  enumerated  above.  If  the  waters  are  navigable  to  any  extent 
there  can  l)e  no  power  sites,  nor  can  the  "raw"  wat«r  be  used  for 
public  supply,  and  cmly  seldom  is  the  ice  which  it  bears  a  wholesome 
product.  If,  on  the  other  hand,  watera  are  to  be  conserved  for  power 
or  for  public  supply,  it  will  be  impossible  to  use  them  for  traffic.  If  a 
stream  which  is  not  navigable  is  polluted,  it  may  he,  if  the  pollution 
be  extensive,  that  the  water  will  be  rendered  unfit  for  any  purpose 
whatever;  for,  transiK) Nation  or  ice  cutting  being  precluded  by  the 
physieal  conditions,  we  hav(»  only  irrigation,  power,  and  public  sup- 
ply remaining.  Of  these  three  the  last  may  l)e  entirely  cut  off,  the 
second  may  Im»  modified,  and  only  the  first  may  i*emain  practically 
intact.  As  irrigation  is  important  only  in  the  dry  areas  of  the  West, 
this  asset  does  not  apply  in  the  remainder  of  tlie  country,  and  so  we 
find  that  in  many  cases  the  entire  value  of  a  st  ream  may  be  lost  through 
pollution. 

Extensive  pollution  unfits  a  river  for  a  nucleus  for  park  areas. 
Deposits  of  filth  upon  the  banks  of  streams  make  noxious  odors  and 
render  such  places  undesirable  a>s  dwelling  sites.  The  value  of  prop- 
erty is  impaired,  the  neighborhood  is  shorn  of  desirable  population, 
and  i>laces  that  were  once  fair  to  look  upon  may  become,  by  reason 
of  sewage  pollution,  famous  only  for  foul  odors  and  unpleasant 
associations. 

7^/2e  considerHtion  of  such  matters  is  very  fanuUar  in  treatises  on 
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qaestions  involving  public  health.  It  has  been  conceded  that,  from 
a  general  hygienic  standpoint,  no  stream  should  bo  polluted  with 
sewage.  It  is,  however,  the  purpose  of  this  paper  to  consider  the 
matter  from  a  standpoint  of  diminution  of  natural  resources  with 
special  reference  to  the  rivers  in  ^'  the  metropolitan  area,''  comprising 
northern  New  Jersey,  southern  Xew  York,  and  the  western  i)art  of 
Massachusetts.  It  is  pro^xised  to  take  i  nto  account  tho  water  resources 
of  this  section  and  to  show,  as  rlosi'ly  as  available  infornuition  will 
permit,  the  loss  whicli  has  como  alwiit  by  n»ason  of  river  x)ol]ut.ion. 
This  part  of  the  United  States  has  lMH*onie  the  metropolitan  area 
chiefly  because  of  its  natural  resourcos,  both  niantimo  and  Inland. 
Among  these  sources  of  economic  supremacy  the  value  of  the  inland 
waters  stands  in  the  front  rank. 

The  consideration  of  financial  loss  du(^  to  sewage  pollution  of  streams 
in  this  area  l)ecomes,  therefore,  of  immediate  importance';  and  as  we 
shall  enumerate  in  the  followin<i;  pa^es  the  <'xpenditnn's  nuide  neces- 
sary by  this  discredited  practice,  it  is  iM)ssible  that  we  shall  find  sew- 
age pollution  not  only  an  agency  most  destrnctive  to  human  life,  but 
one  of  the  most  far-reaching  drains  upon  human  wealth  that  has  yet 
been  considered.  In  addition  to  the  more  (question  of  existiiig  i)ollu- 
tion  there  is  the  problem  of  abatement  or  prevention,  which  is  receiv- 
ing consideration  in  many  States  under  authority  granted  by  legisla- 
tive enactment.  This  method  of  <*onsideration  niay  serv<»  admirably 
in  the  several  States,  but  what  of  interatate  pollution?  State  bound- 
aries in  the  eastern  jmrt  of  this  country  are  so  closely  set  that  instances 
of  interstate  grievance  are  numerous.  A  municipality  made  miser- 
able by  polluted  water  from  another  State  is  deplorably  helpless  to 
obtain  remedy.     There  is  no  national  authority  over  such  matters. 

KAHITAN   UIVKH. 

The  Karitan  River  is  th<»  Iar^<'st  in  X<^\v  Jersey,  and  the  second  in 
economic  importance*.  Th(»  (Iraina^^<'  area- -1,105  s<|uare  miles  in 
extent — is  of  a  mixed  type,  having  275  square  miles  of  hijrhland  area, 
100  square  miles  of  sandy  plain,  and  the  i*emain<ler  of  re<l  sandstone. 
Budd  Lake,  lA  miles  lon^  and  1hrec-(|uarters  of  a  mile  wide,  is  the 
only  ext<;nsive  st^)raji:e  reservoir  in  the  basin.  Only  about  Vi  jier 
cent  of  the-area  is  in  forest,  an<l  the  han^ness  of  vejretation,  in  con- 
nection with  the  limited  storajr<»  fa<'iliti<?s  and  the  extensive*  steep 
trap-rock  surfaces,  causes  an  (»xc<issiv(*  flood  flow,  which  at.  times 
does  a  large  amount  of  <lama^<*.  Tin*  river  is  navi«rable  to  New 
Brunswick,  10  miles  from  the  mouth,  an<l  is  afTected  by  ti<l(»s  to  a 
point  4  miles  higher.  Ueconls  of  j^agings  have  been  maintained 
since  the  year  1890  at  the  I)(*laware  and  Karitan  Canal  dam,  15 
miles  above  the  mouth  of  the  river.  In  the  rei)ort  of  the  (Geological 
Survey  of  New  Jei*sey  (Vol.  Ill,  p.   209)  there  appears  a  flow  table 
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computed  from  these  gagings,  covering  the  yean  1890-1893,  inclusive^ 
as  follows : 


Table  l.~Ftou>  of  th*  Raritan  at  Bound  Brook,  IS90-1S9S. 


^.::: 


^■l 


Joly.l!... 


Maivb  . . 


Drntfrt-I    Lfut. 


Flow  Ib  aecond-fsat. 


4.W  I      S9.7W 


l.»|         l.WH 


As  a  source  of  water  power  the  Raritan  River  is  not  so  importaDt 
as  the  size  of  the  drainage  area  and  the  fall  of  the  river  would  indi- 
cate. The  tributaries  are  widely  divergent,  and  do  not,  aa  in  the 
most  valuable  power  streams,  join  in  a  (;ommoii  eourse  at  any  eonsider- 
able  distance  above  the  mouth  of  the  river.  In  this  case  the  impor- 
tant branches  of  the  system  are  not  united  until  they  arrive  at  a  point 
within  7  miles  from  the  head  of  tide  water  and  even  then  at  an  eleva- 
tion of  only  17  feet.     The  largest  develojied  power  is  at  High  Bridge, 
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fhe  South  Branch.  The  extreme  floods  above  mentioned  occur 
[nently,  unfitting  the  bafdn  for  any  large  development  of  power. 

It  would  seem,  upon  first  oonsideration^  that  the  Raritan  River  is 
;«ot  especially  valuable  as  a  source  of  water  supply.  In  quick-spilling 
bisins  large  amounts  of  suspended  matter  are  brought  down,  and  in 
ddB  river  there  is  nearly  always  apparent  a  varying  amount  of  red 
nod.  Upon  settlement,  however,  the  water  is  suitable  for  public 
ve,  and  there  is  no  reason  why  excellent  water  supplies  could  not  be 
derived  from  this  stream  by  proper  management;  but  up  to  the  pres- 
vft  time  the  river  has  been  very  little  utilized  for  this  purpose. 

TRIBUTARIES  OP  THE  RARITAN. 
SOUTH  RIVER. 

His  river  rises  in  or  near  Freehold  Township,  at  a  point  20  miles 
doe  south  from  where  it  empties  into  the  Raritan  at  Sayreville.     The 
flyir  is  much  more  steady  tlian  that  of  any  other  branch  of  the  S3^- 
tom,  and  this  has  led  to  an  extensive  use  of  the  stream  as  a  source  of 
power.    No  large  water  supply  can  well  be  conserved .  in  this  drain- 
age area.     At  the  present  time,  it  is  true,  the  city  of  Perth  Amboy 
derives  its  water  from  Tennent  Brook,  a  tributary  of  South  River, 
but  the  daily  consumption  amounts  to  practically  the  normal  yield  of 
the  watershed.    It  would  be  possible,  by  carefully  selecting  sites  for 
small  reservoirs,  to  conserve  several  small  supplies  which,  when  com- 
bined, would  be  of  considerable  value. 

NORTH  BRANCH  OF  THE  RARITAN. 

The  drainage  area  of  North  Branch  occupies  101.6  square  miles,  in 
the  northernmost  portion  of  the  Raritan  Basin.  It  is  sharply  divided 
into  the  highland  area  and  red  sandstone  plain,  the  former  occupying 
the  greater  part  of  the  country  tributary'  to  this  branch.  It  lies  at  an 
elevation  of  800  to  1,100  feet,  30  per  cent  of  which  is  in  forest.  The 
population  averages  72  per  square  mile.  The  red  sandstone  plain  has 
an  elevation  of  from  200  to  300  feet. 

Mr.  C.  C.  Vermeule,  author  of  the  report  of  the  Geological  Survey 
of  New  Jersey  above  referred  to,  estimates  that  there  are  7.8  horse- 
power per  foot  of  fall  at  the  mouth  of  North  Branch.  In  the  entire 
tributary  there  are  developed  1,052  horsepower  at  40  sites. 

There  are  many  possibilities  for  developing  excellent  water  sup- 
plies in  the  basin  of  the  North  Branch.  Mr.  Vermeule  states  that  on 
the  Lamington  River,  which  is  the  main  affluent  of  the  tril)utary,  there 
is  an  area  of  31.4  square  miles  al>ove  the  500-foot  contour  which  can 
he  developed  to  yield  21,000, (XX)  gallons  dailj-.  Similarly  on  the  North 
Branch,  above  the  junction  of  Peapack  Brook,  there  is  a  drainage  area 
of  29.1  square  miles,  from  which  may  be  derived  19,000,000  gallons  a 
day.  At  other  points  in  the  basin  there  ma}'  be  economically  gath- 
ered a  total  of  about  20,000,000  gallons  daily. 
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SOUTH  BRANCH   OP  THE   RARITAN. 

This  branch  drains  276.5  square  miles  of  territory,  which  is  divided 
into  the  highland  area  and  red  sandstone  plain,  like  that  on  the 
North  Branch.  In  this  case,  however,  the  plain  occupies  the  larger 
X>art  of  the  basin,  with  an  average  elevation  of  about  400  feet.  Budd 
Lake,  already  described,  lies  at  the  head  of  the  South  Branch. 

As  a  source  of  water  power  South  Branch  has  been  rather  exten- 
sively developed.  At  67  sites  there  is  developed  a  total  net  horsor 
power  of  2,681. 

As  a  source  of  water  supply  the  entire  basin  has  a  capacity  of  nearly 
100,000,000  gallons  daily,  with  7  inches  storage.  Budd  Lake  has  a 
watershed  of  4.5  square  miles,  is  at  an  elevation  of  933  feet,  and 
affords  a  pondage  which  will  supply  3,000,000  gallons  daily. 

POLLUTION  IN  RARITAN  RIVER. 

The  country  included  in  the  drainage  basin  of  the  Raritan  has  not 
yet  been  suflBciently  developed  to  l>e  damaged  to  any  great  extent  by 
sewage,  except  possibly  in  the  lower  part.  On  the  highland  tributaries 
there  are  few  important  towns,  and  the  character  of  the  water  is  not 
affected  to  any  great  degree  by  pollution.  The  first  city  above  the 
mouth  of  tlie  Raritan  is  New  Brunswick,  which  has  a  population  of 
20,006.  The  river  at  this  point  is  tidal  and  within  the  limit  of  salt- 
water influence.  Damage  done  by  pollution  can  therefore  be  only 
that  whicli  arises  from  the  general  nuisance  accompanying  the  dis- 
charga  of  sewage. 

A  few  miles  alwve  New  Brunswick  is  Bound  Brook,  a  borough  of 
2,622  inhabitants,  while  farther  on  are  Somerville  and  Raritan,  towns 
of  4,843  and  3,244  inhabitants,  respectively.  These  three  places  con- 
tribute a  certain  amount  of  ix)llution,  which,  while  it  does  not  do  any 
appreciable  damage  to  the  general  resources  of  the  river,  certainly 
unfits  it  for  use  jis  a  source  of  water  supply  without  filtration. 

Above  Raritan  there  are  numerous  small  villages  of  a  few  hundred 
inhabitants,  but  all  of  these  are  unimportant  as  agencies  of  pollution. 

The  Raritan  River,  in  spite  of  its  proximity  to  the  metropolis  of  the 
United  States,  strangely  enough,  presents  a  fairly  clean  record  as  to 
pollution  except  in  a  limited  area  about  the  mouth  of  the  stream.  It 
is  thus  notable,  especially  when  contrasted  with  other  rivers  in  this 
part,  of  the  country,  and  the  contrast  shows  in  a  striking  manner 
the  differenci*  between  water  resources  yet  unimpaired  and  those 
which  have  been  injured  or  destroyed  by  careless  and  inconsiderate 
municipal  management.  In  this  case  we  find  that  in  the  majority  of 
tributaries  the  water  flowing  out  of  the  Raritan  Basin  is  fit  for  imme- 
diate use  in  a  public  supply.  The  water  powers  developed  have  not 
been  reduced  in  value  by  reason  of  anj-  nuisance  arising  from  the  con- 
centration of  municipal  sewage  behind  the  various  milldams.     Fish- 
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arifiB  have  been  preeerred  intiiet.  The  ioe,  as  far  ae  it  is  harvestedy 
ii  above  teproaeh,  and  the  whole  country  is  available  for  economic 
devdopment.  Let  na  see  how  it  appears  in  the  case  of  a  river 
dndning  the  oofontry  immediately  adjcdning. 

FAfiSuiJC  BIVEB. 

if  far  the  most  valuable  drainage  system  in  New  Jersey  is  that  of 
teBusaio.  It  oominrises  a  territory  of  941.1  square  miles,  in  which 
an  ritnated  the  drainage  areas  of  the  Passaic  proi>er  (including  the 
mwr  and  lower  valleys),  the  Saddle,  Ramapo,  and  Wanaque  rivers, 
lAkh  ertend  into  New  York  State  on  the  north,  and  the  Pequanao, 
Boekaway,  and  Whippany  on  the  west.  Within  this  territory  there 
are  said  to  be  8  square  miles  of  lakes  and  26  square  miles  of  swamp 
land. 

The  Passaio  River  rises  in  Morris  County,  in  a  region  adjacent  to 
fhat  from  which  the  North  Branch  of  the  Raritan  is  derived.  Its 
eourae  is  eiceeedingly  irregular,  passing  in  or  adjacent  to  six  counties 
before  finally  reaching  Newark  Bay.     The  distance  from  source  to 
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Fio.  1.— Profile  of  Passaic  River. 


mouth  in  a  direct  line  is  about  26  miles,  while  the  river  meavsures  some- 
what over  SO  miles  in  its  course. 

The  profile  of  the  river  is  interesting  and  shows  ch^arlj^  the  amount 
of  power  available  in  the  lower  valley.  Tide  influence  extends  about 
13  miles  above  the  mouth  of  the  river,  to  a  point  nearly  opposite 
Passaic.  Commerce  is  developed  extensively  at  Newark,  and  the 
river  is  navigable  to  the  hea^l  of  tide  water.  Four  miles  above  this 
point  is  Dundee  dam  (see  PI.  Ill,  A),  the  lowest  power  site  in  the 
main  river.  Above  it  is  a  drainage  area  of  822.4  square  miles.  The 
fall  is  22  feet,  and  the  net  horsepower  developed  is  1,235.  The  eleva- 
tion of  the  crest  of  Dundee  dam  is  27  feet  above  mean  tide.  From 
this  iK)int  there  is  a  rise  of  13  feet  in  7.5  miles  to  the  foot  of  tikft  GroSit) 
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Falls  of  the  PHSsait?  (see  PI.  I,  B),  nn  imposing  cataract,  sheer  70 
feet  in  height  In  a  ilistant^e  of  4  miles,  from  the  top  of  Great  Palls  to 
the  foot  of  Little  Falls,  there  In  a  rise  of  8  feet.  The  series  of  falls  and 
rapids  at  Little  Falls,  together  with  the  height  of  the  dam  at  the  crest, 
make  a  total  rise  of  40  feet.  This  point  is  the  head  of  power  on  the 
main  river;  it  marks  the  boiuiilary  between  the  middle  and  lower  val- 
leys of  the  Passaio,  uniting  the  drainage  from  an  area  of  772.9  square 
miles.  The  elevation  is  about  158  feet  above  mean  tide,  and  the  dis- 
tance from  tide  water  ie  only  15  miles. 

At  Two  Bridges,  a  short  distance  above  Little  Falls,  Pompton  River 
enters  the  Passaic.  At>ove  Two  Bridges  the  Passaic  follows  a  wind- 
ing channel  22  miles  long,  through  a  large  meadow  area,  until  at  Chat- 
ham, at  an  aUitiide  6  feet  above  Two  Bridges,  the  bed  takes  a  sharper 
grade.  From  this  point  to  the  source  of  the  stream,  a  distance  of  18 
miles,  there  is  a  rise  of  72  feet. 

The  resources  of  the  river  that  are  developed  most  completely  in 
the  lower  valley  of  the  main  stream  are  considered  in  detail  in  Vol. 
Ill  of  the  report  of  the  Geological  Survey  of  New  Jersey  and  in  the 
report  of  the  Tenth  Census  (Vol.  XVI,  pp.  (J47-652),  so  that  only  a 
general  description  will  Ije  given  here.  From  me?n  tide  op  to  the 
crest  of  Little  Falls,  102  feet  is  developed  and  only  25  feet  of  the  remain- 
der is  available  fur  development.  The  Dundee  dam  is  450  feet  long 
and  impounds  a  lake  of  224  acres,  diverting  the  entire  flow  of  the 
river  in  dry  seasons.  There  is  here  a  continuous  horsepower  during 
nine  months  of  the  year  of  30.18  per  foot  fall,  which,  when  used  ten 
hours  a  day,  allows  the  Dundee  Water  I'ower  and  Land  Company  to 
rent  1,764  horsepower.  The  fall  of  the  stream  has  been  carefully 
recorded  at  this  point  since  1877,  and  the  result's  of  the  record  are 
given  in  Tables  II  and  III.  These  are  compiled  from  a  diagram  in 
the  report  of  the  New  Jei-sey  geological  survey  above  referred  to. 

Tablr  n. — liailyfiuui  of  Pntawiie  Rivrr  at  Paterton  and  Dandee. 

[Inchefl  on  watershed.] 
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(.^ncemiag  the  methods  of  observation  and  accuracy  of  the  deter- 
ainations  set  down  In  Tables  II  and  III,  Jlr.  ('.  ('.  Vermeole,  anthor 
of  the  report,  says: 

Te  hare,  by  the  ctmrtBgy  of  aerer^  naera  of  water  power,  been  able  to  obtain 
■Knarements  of  flow  eoraring  ■  period  of  seTent^en  yean  and  a  very  wide  range 
ofniiifall  conditions,  from  70.88  to  87.03  anntiaUj.  These  gagingB  were  at  Little 
FiDaaad  pcnuts  below,  and  have  been  red  need,  compttred,  and  adjusted,  two  series 
Mng  for  aereral  years  contemporaneons.  The  retiiiltfi  we  have  mnch  oonfidence 
in.  They  are  ccmaiBtent,  and  bear  the  test  of  close  analysiu  as  well  as  any  series 
of  gsgingH  we  have  made. 

Table  II  ^ves  the  average  daily  flow  in  inchoa  upon  the  watershed 
foreach  month  of  the  period  1877-1883,  and  also  the  daily  flow  for 
each  year  and  the  monthly  averages  for  the  whole  term.  Table  III 
fives  similar  information,  except  thul  it  isexpi-essed  iiilpnnsof  dubie 
feet  per  second  actaally  flowing  through  the  channel. 

The  power  site  at  Great  Falln,  I'alerson,  Is  one  of  the  oldest  large 
fster  powers  in  the  Unite*!  States.  Al)o\"e  the  head  of  the  falls  is  a 
low  stone  dam,  affording,  however,  sufficient,  pondage  to  concentrate 
thp  entire  dry  season  flow  into  working:  hours.  The  Society  for 
l^tablishing  Useful  Manufactures,  which  ccintroU  t his  i)«wer,  ifceives 
Hboiit  S36  per  gross  horst-poiver  |«'r  jinnniii  for  alionl  2, SIX)  horse- 
power, bat  the  dry-weather  flow  does  not  supplj'  more  than  half  of 
fliiB,  and  the  power  is  not,  tlierefoiv,  guju-anlced.  The  wmservance 
of  water  from  the  upper  Pequanac  area  for  tlie  city  of  Newark  and 
the  large  drafts  upon  the  river  at  Little  Falls  for  the  supply  of 
Paterson,  Passaic,  and  Jersey  City  have  inei-eased  the  uncertainty  of 
the  power  at  this  place.     The  Itotikaway  area  Is  now  being  set  apart 
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for  tho  use  of  Jersey  City,  and  it  is  expected  that  the  constaiitL 
increasing  demands  of  the  water-supply  interests  will  soon  briii 
the  power  values  to  a  very  low  basis.  The  power,  both  at  Dundee  an« 
Great  Falls,  has  passed  into  the  control  of  the  New  Jersey'  Genera 
Security  Company,  a  corporation  closely  allied  to  the  East  Jerse; 
Water  C-ompany,  and  the  contest  between  power  and  water-suppi; 
interests  which  was  at  one  time  probable  has  been  averted. 

At  Little  Falls  about  450  horsepower  was  developed,  but  it  ha 
been  greatly  reduced  by  the  lowering  of  the  dam  for  the  purpos 
of  draining  the  Great  Piec-e  Meadows,  a  wide  area  over  which  th 
water  stands  for  days  during  freshets.  The  actual  power  value  i 
therefore  not  great.  Since  the  assumption  of  control  by  the  £a£ 
Jersey  Water  Company,  the  necessity  for  greater  pondage  has  nc 
been  evident,  sufficient  being  necessary  to  properly  flood  the  wat< 
intake  only.  This  intake  is  located  on  the  nort.h  side  of  the  river, 
little  above  and  at  a  short'  distance  from  the  dam.  Above  the  meac 
ows  the  power  sites  on  the  main  stream  are  not  of  great  importance 

This  stream  fonns  a  nuchnis  for  a  water  supply  which  in  capacit 
and  qualit}''  can  not  Ih)  ex(H>lled  in  the  metropolitan  district,  and  froi 
the  manner  in  which  it  is  now  being  developed  it  is  probable  that « 
no  distant  date  that  part  of  the  river  l)etween  Little  Falls  and  Passai 
will  lose  much  of  its  value  as  a  source  of  power. 

TRIBUTARIES  OF  THE  PASSAIC. 

ITie  Pompton  River,  which  joins  th(*  Passaic  at  Two  Bridges,  abov 
Little  Falls,  combines  the  flow  of  t  he  Rumapo,  Wanaque,  and  Pequana< 
repr(»sentinjr  a  coinl)ined  ai'ca  of  371K0  square  miles.  Through  tli 
Great  Piece  Meadows  flows  Rockaway  River,  draining  U]SA  squai 
miles,  and  fartluM*  up  the  Whippany,  draining  71.1  square  mile? 
Each  of  tliese  arejis  forms  by  itself  a  gathering  ground  from  all  c 
which,  except  the  latter,  can  be  diverted  watt^r  supplies  equal  toalmo^ 
any  emergency  which  the  great  cities  of  northern  New  Jersey  ar 
likely  to  encoiinl<»r  dui'ing  the  next  century'.  The  Rockaway  an 
Pequanac,  as  stated  above,  have  already  l)een  claimed.  The  Ramap 
is  now  under  the  control  of  a  New  York  corporation,  which  endeavore 
to  secure  a  nietroix)litan  monopoly.  There  ivmain  only  the  Wanaqu< 
a  small  available  area  in  the  Whippany,  and  the  Upper  Passaic  f<: 
future  development.  These  will  be  considered,  each  by  itself  « 
a  separaU)  sti*eam,  afUM-  we  have  examined  the  Passaic  proper  as 
source  of  supply. 

In  si)it:e  of  the  largely  diverted  di*ainage  of  its  liighland  tributaries 
the  Passaic  will  always  1m*  a  valuable  source  of  water  supply,  for  i 
possesses  a  large  drainage  area  of  itself.  Above  Little  Falls,  on  th 
main  river,  there  is  at  the  present  time  a  supply  that  will  affon 
without  storage,  nearly  88,000,000  gallons  daily.     With  the  highlan 
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tributaries  diverted,  as  they  are  likely  to  be  in  the  future,  there  will 
still  be  a  drainage  area  of  208  square  miles,  affording  a  supply  of 
approximately  25,000,000  gallons  daily,  without  storage.  For  years 
the  cities  of  Newark  and  Jersey  City  took  water  from  the  nver  at  Belle- 
ville, below  Passaic,  amounting  to  from  30,000,000  to  40,0(X),(K)0  gal- 
lons daily.  The  intakes  are  now  out  of  use,  Newark  having  gone  up 
to  the  Pequanac  area  for  its  water  supply  and  Jersey  City  t^  Little 
Falls  temporarily,  until  the  supply  from  the  Rockaway  shall  have  been 
established.  Immediately  above  Little  Falls,  on  the  meadows,  there 
is  no  good  point  on  the  Passaic  for  a  i*eservoir,  and  the  large  area  of 
flat  land  causes  generally  muddy  and  unsatisfactory  water.  Above 
this,  in  the  upper  Highlands,  is  an  excellent  basin,  called  Great  Pas- 
saic Swamp,  which  might  easily  be  set  apart  as  a  storage  reservoir. 
The  drainage  area  is  small  and  rather  thickly  populated,  yet  the  situa- 
tion remains  available  and  can  be  used  in  case  of  need. 
« 

SADDLE   RIVER. 

This  is  the  lowest  and  least  important  branch  in  the  Passiac  system. 
It  rises  in  Rockland  County,  New  York  State,  flows  south  for  17  miles 
and  empties  into  the  Passaic  about  12  miles  from  the  mouth.  The 
drainage  area  contains  60.7  square  miles,  underlain  by  the  red  sand- 
stone common  to  the  main  basin.  It  has  8  square  miles  of  drainage 
area  in  New  York  State,  and  the  population,  according  to  the  report 
of  the  Geological  Survey  of  New  Jersey  in  1894,  was  about  122  per 
square  mile.  As  a  source  of  wat^^r  power  the  river  is  not  important. 
Out  of  a  total  fall  of  90  feet  there  have  been  utilized  about  GO. 5  feet, 
the  power  from  which  is  divided  into  47  sites  along  the  river,  repre- 
senting a  gross  horsepower  of  1,7(X).  It  is  fairly  good  gathering 
ground  for  a  limited  water  supply,  and  might  be  developed  as  an 
auxiliary  to  be  used  in  an  emergency.  With  a  storage  of  7.5  feet 
upon  the  reservoir  it  would  yield  14,(MM),()(M)  gallons  daily. 

RAMAPO    RIVER. 

Although  emptying  into  the  Passaic  by  way  of  Pompton  River,  this 
stream  belongs  largely  to  New  York  State,  a.s  about  70  per  cent  of  the 
160.7  square  miles  of  drainage  area  is  located  beyond  the  Jersey  limits. 
About  75  per  centof  thisarea  is  forested,  and  the  population  is  approx- 
imately 60  per  square  mile.  Gagings  of  the  flow  of  the  river,  extend- 
ing through  a  period  of  two  years,  were  made  at  the  works  of  the 
Pompton  Steel  and  Iron  C-ompany,  and  are  compiled  in  Table  IV, 
which  is  taken  from  the  report  of  the  (ieological  Survey  of  New 
Jersey  (Vol.  Ill,  1894,  p.  168). 
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Table  IV. — Flow  of  Ramapo  River  at  Fompton. 

[Drmiimge  area,  lfiO.5  square  mHes.] 


Month. 


February  7  to  28. 

March 

April 

May 


1M». 


June 

July 

AuiTUBt 

September. 

October 

Noyember . 
December.. 

January 

February  .. 
March 


1800-91. 


April 
May. 


June  to  May 


June 

July 

AuiTUBt 

September. 

October 

Noyember . 
December. 

January 

February  . 

March 

April 

May 


1891-ft». 


June  to  May 


June 

July 

August 

September 
October . . . 


1802. 


Flow  in  cubic  feet 

pemec- 

1 

ond. 

Bain. 

Flow. 



1 

^  oreat- 

1     -^ 

Least. 

Arerage. 

InckeM. 

Inches.  1 

4.46 

a  29         1.918 

fan 

643 

1         6.40 

4.85 

2,080 

877 

6i3 

!         2.68 

8.05 

1,088 

2B1 

429 

4.72 

2.75 



968 

17D 

877 

4.98 

1.25 

884 

6ft 

176 

6.06 

.94 

8B8 

40 

126 

4.75 

.80 

601 

41 

108 

4.14 

1.51             948 

6ft 

209 

6.95 

2.28            889 

91 

801 

.77 

1.10 ,       an 

80 

156 

4.08 

i.n 

1,688 

80 

288 

8.51 

6.88 

4,662 

818 

879 

1         4.60 

5.28 

8,180 

884 

863 

4.25 

5.28 

1,686 

809 

7» 

2.80 

2.84 

685 

148 

895 

2.70 

.67 

187 

41 

94 

54.43 

29.47 

m 

2.18 

.87 

79 

88 

sst 

4.88 

.81 

70 

28 

44 

5.54 

.96 

686 

88 

135 

2.28 

.67 

818 

40 

94 

2.80 

.80 

68 

40 

42 

1         2.08 

1.47 

601 

88 

207 

'      4.n 

2.78 

1,175 

104 

301 

5.65 

5.65 

1,919 

267 

794 

1.34 

1.10 

267 

123 

167 

!         3.66 

2.30 

602 

147 

323 

1.73 

1.83 

298 

117 

188 

4.66 

1.83 

748 

91 

258 

41.05 

19.16 

4.07 

2.00 

1,005 

45 

281 

3.37 

4.36 

1 

1.07 

1 

.68 

QaflTinsrs  Oct.  10, 

22.5  cubic  feet  per 

flecond 

• 

At  Pompton,  1.5  miles  above  the  confluence  of  the  Ramapo  with 
the  Pompton,  the  Ramapo  has  a  fall  of  29  feet.  The  lake,  which  is 
traversed  by  a  7-foot  dam,  is  about  202  acres  in  extent.  The  power 
developed  at  this  place,  as  estimated  by  Mr.  Vermeule,  is  17.04  horse- 
power per  foot  fall.  There  are  many  other  sites  on  the  watershed 
which  are  not  yet  developed,  but  none  are  of  great  importance.  The 
river  has  never  l)een  a  favorite  power  stream. 

In  many  ways  Ramapo  River  is  a  favorable  gathering  ground  for  a 
city  water  supply.  The  name  has,  during  the  past  few  years,  become 
well  known  in  the  metropolitan  area  by  reason  of  the  existence  of  a 
water  corporation  known  as  the  Ramapo  Company,  which  endeavored 
to  acquire,  and  almost  succeeded  in  obtaining,  the  most  valuable 
water  franchise  in  America — that  of  New  York  City — charging  rates 
which,  at  the  end  of  the  contract  period,  would  involve  a  loss  to  the 
city  of  New  York  of  about  $190,000,000.     Although  this  corporation 
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eontrob  the  water  righte  on  the  New  York  part  of  the  drainage  area, 
this  portion  was  not  included  ae  a  source  of  supply  in  the  plan  that 
w»8  presented  to  the  city  of  New  York.  The  river  yields,  without 
storage,  at  Pompton,  14,600,000  gallons  daily.  With  a  storage  equal  to 
7  inches  upon  the  watershed,  the  available  supply  would  be  approx- 
imately 120,000,000  gallons  daily. 

WANAQUB  RIVER. 

In  itsgeneral  geographic  course  this  stream  is  not  unlike  the  Ramapo. 
Greenwood  Lake  (see  PI.  IV,  A)j  situated  on  the  line  between  New 
Tork  and  New  Jersey,  and  extending  into  New  York  State  about  3 
miles,  and  Sterling  Lake,  entirely  within  New  York  State,  afford 
excellent  ix>ndage.  Greenwood  Lake  has  an  elevation  of  621  feet,  has 
6  square  miles  of  surface,  and  receives  the  drainage  of  28  square 
miles.  Its  storage  capacity,  according  to  Crocs  Hn<l  Howell,  is 
134,000,000  gallons,  and  it  will  supply  18,000,000  gallons  daily  through- 
out the  year.  Sterling  Lake  has  an  area  of  321  acres  and  a  watershed 
of  4.69  square  miles.  It  will  supply  throughout  the  year  al>out 
3,000,000  gallons  daily. 

The  only  series  of  gagings  available  for  Wanaque'Kiver  is  that  made 
under  the  direction  of  the  Geological  Survey  of  New  Jersey  at  the  dam 
near  Pompton  station.  These  gagings  cover  a  period  when  the  stream 
is  least  affected  by  drafts  from  Greenwood  Lake,  and  are  compiled 
in  Table  V. 

Table  V.—Flow  of  Waiiaque  River,  ISUO-iti, 
LDraina^  area,  101  square  xnileH.] 


IContb. 


October.... 
Korember. 

Dooeniber . 


1880. 


Jtnnary  . 
February 
Kansh... 


189L 


^: 


December  to  May 


Rain. 

Flow. 

Jnchrn. 

mm' 

.  1 1 

Inchen. 
2.49 

~~4.(tt 

T.6B 

H.51 
4.25 
2.»> 

«.Si7 

r>..'»i 

5.55 

1.U2 

.«1 

^T.CM 

21.45 

Flow  in  cubic  feet  per 
Hecond. 


Great- 
eat. 


504 
ltd 


LeaHt.    Average. 


I 


799  I 


91 
44 

44" 


»17 
84 


188 


4,943 

91 

549 

1,1(C  1 

217 

548 

914  1 

217  ' 

516 

.m  1 

92  1 

174 

77  ■ 

46, 

54 

LosK,  5.59  im;ho8. 


On  account  of  the  large  pondage,  tlie  flow  of  this  river  could  be 
made  comparatively  uniform,  and  the  power  developed  would  be  of 
considerable  value.  At  the  mouth  of  the  river  there  aix?  about  10 
horsepower  per  foot  fall,  a  part  of  which  is  contributed  by  Greenwood 
Lake.  Power  sites  are  available  in  the  upper  parts  of  the  stream, 
and  the  one  located  in  the  Ring  wood  district  could  Ih)  developed  to 
yield  a  steady  horsepower  of  2,000  during  working  hours. 


22 


SEWAGE    POLLUTION    NEAR   NEW    YORK    CITY. 


[K 


This  river  foniiH  another  excellent  Hoiirce  of  city  supply.  It 
alreuily  iN^en  stated  that  there  is  a  pondage  representing  the  drair 
from  33  Hfjiiare  miles.  For  the  remaining  run-off  water  there 
good  sites  for  (*oiLservance,  and  with  a  total  utilization  of  14  in4 
upon  the  watershed  there  would  l)e  afforded  a  supply  of  75,000 
gallons  daily.  Of  the  watershed,  28.2  square  miles  are  in  New  Y 
and  SO  per  ami  of  the  entire  an»a  is  forest-ed. 

PEQUANAC    RIVER. 

Mr.  Vermeule,  author  of  the  rejxirt  of  the  Geological  Surve; 
New  Jersey  al>ove  quote<l,  describes  the  Pequanac  River  as  foil 
(p.  175): 

This  is  another  branch  of  the  Passaic,  and  with  the  Ramapo  and  Wanaque  f 
the  Pompton  River  just  below  Pompton.  Its  drainage  area  lies  high  on 
Archean  highlands.  For  nearly  its  whole  coarse  it  flows  transyersely  to 
ridge  and  valley  Ktructure  of  these  highlands,  thus  differing  from  the  Rai 
and  Wanaque,  which  flow  through  deep  valleys.  The  headwaters  of 
Pequanac  are  at  an  elevation  of  nearly  1 ,500  [feet] ,  while  the  month,  at  P< 
ton,  is  only  170,  constHjuently  the  stream  has  great  fall.  From  Post's  da: 
Riverdale,  2  miles  above  the  j miction  of  the  Ramapo,  to  New  Foondland. 
miles  above,  the  fall  is  45  feet  per  mile:  thence  to  Wallace's  comers  it  is  9.S 
per  mile  for  0.5  miles:  for  2  miles  above  this,  to  Stockholm,  it  is  30  feet  per  : 
The  watershed  is  0  or  7  miles  wide  by  16  miles  long  and  the  branches  are  < 
uniformly  distributed  ahrng  the  course  of  the  main  stream,  mostly  comin 
from  the  northeast.     Forests  cover  7S  jx^r  cent  of  the  area. 

The  flow  of  the  river  is  eoinpiled  in  Tables  VI  and  VII,  the  fin 
which  was  made  under  the  direction  of  tlie  (Teolojjcical  Survey  of  ] 
Jersey,  whilt*  the  second  was  nuwle  by  Mr.  Clemens  Ilerschell,  c 
engineer  of  the  East  Jersey  Water  Company. 

Tablk  VI. — Floir  of  Pei/miinir  River  at  Riverdale. 
[Drainage  nroa.  H4.7  s<iUHn»  miles  ] 


February  . 

Marcli 

April 

May  1  to  5. 

June 

July 

AutiriLst 


Month. 


1S»0. 


Septemlwr  27  to*) 

( )otolM.*r 

NovemVKT 


Docemljer. 


January . . 
February 
Man*h  ... 


lrt)l. 


April 
May  . 


DtH'em>M»r  to  May 


F'low  in  cubic*  feet  p 
Hcoond. 


liaiu. 


Inrhett. 
4.40 
«.4() 

2.W 


Flow 


InvheM. 
A.  * 
4.(1:2 
iJ.TO 


threat 

est. 


6M) 
l.V> 


L€>a8t.     Avt 


125 

155 

75 

74 


..V 

AtK 

(i.ifc') 

'i.ii\ 

.  <  i 

\A^ 

4  lt2 


l.(C{ 


90 

:«)l 


25 
25 

Iff)" 


.s.  51 

5. 17 

2 

.:r»2 

48 

4.ri<) 

5.(k-) 

1 

:js4 

46 

4.2.-) 

4.12 

08;< 

46 

2.  HO 

l.fiO 

2;m 

M\ 

2.70 

.(J2 

•  1 

45 

«.7H 

17.49    . 

1 
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Tablb  VIL— #7610  of  Fmpuinac  Riwr  at  Maeqpin  intake, 

IDnlbmge  area,  68.7  aqiiare  miles.] 


Month. 

Bain. 

Plow. 

Inchea. 

0.65 

.27 

1.39 

.90 

.84 

1.78 

3.77 

5.96 

1.68 

2.68 

1.78 

2.17 

Ayenm 
cubic 

Great- 

eet. 

48 

^  weekly  flow  in 
fe(^  per  second. 

Least.    Average. 

1881-92. 
Jime 

Indte: 
1.76 
5.01 
6.75 
1.9B 
2.11 
a  19 
4.99 
5.96 
.99 
4.80 
1.48 
6.89 

16 

81 

July 

80  1            80 

16 

▲OfUt 

854 
90 
28 

16 
25 
15 

80 

SipCamber 

61 

October 

19 

VvntnlhtT ,  ... 

178               16 
416             106 
450             178 
115  1            78 
183!           185 
18H               44 
190'            70 

07 

DKeniber. ,.  ..^....  ... 

212 

jMoarr . .                     ... 

886 

nopuavT 

9i 

\^          •            *      ...«.-   ....a............................... 

145 

jkprfl 

07 

i»y 

188 

June  to  May ,,  „ .  . 

42.80 

23.08 

8.37 

.5.*) 

.58 

.47 

.16 

1.53 

1.68 

1.86 

3.78 

6.88 

4.86 

4.98 

1 

_'__  _ '  _ 

1892-98. 

JvBe 

July 

Angnst 

4.83 
3.88 
4.63 
2.06 
.71 
«.H0 
1.55 
4.07 
6.72 
8.56 
4.88 
6.66 

881 

40 

40 

58 

10 

284 

140 

212 

293 

614 

877 

606 

76 

15 

12 

8 

8 

24 

68 

60 

124 

881 

196 

104 

1» 
80 
80 

oepQeniDeT... 

October 

Xovember 

December........ 

JaDnary . .    , 

26 

8.8 

86 

98 

104 

Pebmary 

218 

M*«^ 

888 

240 

1^//.::::::::::::;:::::::;:::::;:::::;:::::::::;:: 

280 

June  to  May 

48.74 

88.86 

.. ..... . .....1.... . . .... 

1                  1 

In  past  years  this  river  has  lx*en  iinportitnt  hh  a  power  stream,  about 
18  sites,  with  a  total  of  1,034  horseiK)wer,  having  been  developed. 
They  have  nearly  all  been  acquired  by  the  P^ast  Jersey  Water  Com- 
pany and  the  city  of  Newark,  and  the  whole  drainage  area  will  even- 
tually be  reserved  for  water  supply.  There  remain  notable  power 
sites,  such  as  those  at  Butler  and  Bloomingdale,  and  other  points 
along  the  river,  where  the  value  of  the  manufacturing  is  still  large. 
Such  sites,  however,  will  be  preserved  only  so  long  as  they  do  not 
interfere  with  water  conservation,  and  therefore  the  future  of  the 
river  as  a  power  stream  is  uncertain. 

As  a  gathering  ground  for  water  supply  the  value  of  this  area  has 
been  demonstrated  to  the  satisfaction  of  all  concerned.  The  water 
now  supplied  to  the  cit^^  of  Newark  has  proved  excellent,  and  has 
been  the  means  of  improving  the  general  health  of  the  city  to  a 
remarkable  extent.  On  account  of  various  laxities  in  preparing  the 
reservoirs  and  because  of  oth(»r  circumstances  the  water  has  not  been 
as  free  from  sediment  as  is  considered  desirable,  but  sources  of  con- 
tamination have  been  largely  removed,  and  analyses  show  that  the 
character  of  the  water  is  uniformly  satisfactory.  At  the  present  time 
only  the  upper  part  of  the  area  is  reserved  for  a  gathering  ground,  the 
water  being  stored  in  three  reservoirs.  That  at  Oak  Ridge  has  a 
capacity  of  2,555,00(),(X)()  gallons  and  is  383  acres  in  extent.  Clinton 
reservoir  has  an  area  of  423  acres,  a  drainage  area  of  9.5  square  miles, 
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and  a  capacity  of  3,518,000,000  gallons.     Canistear  reservoir  hi 
capacity  of  2,500,000,000  gallons  and  is  350  acres  in  extent. 

With  7  inches  storage  upon  the  entire  drainage  area,  14  inches  i 
be  collected  annually,  equal  to  a  total  daily  supply  of  56,000,000 
Ions.  In  the  report  of  the  GeologieAl  Survey  of  the  State  (Vol. 
1894,  p.  179)  a  list  of  possible  reservoir  sites  in  this  drainage  i 
includes  10  locations,  with  a  combined  capacity  of  23,920,000,000 
Ions. 

ROCKAWAY   RIVER. 

This  stream  is  40  miles  long  from  source  to  mouth  and  has  a  di 
age  area  of  about  140  square  miles,  more  than  80  per  cent  of  whi< 
in  forest.  It  bears  a  strong  resemblance  to  the  Pequanac,  altho 
it  is  much  less  uniform  in  character.  Within  this  area  are  nume 
ponds  and  lakes,  which  afford  a  large  proportion  of  storage.  S 
rock  Pond  is  315  acres  in  extent,  with  a  watershed  of  about  5  sqi 
miles.  With  the  present  12-foot  dam  raised  3^  feet  it  would,  ace 
ing  to  the  measurements  of  Mr.  Vermeule,  have  a  capacity  of  < 
700,000,000  gallons  and  would,  if  drawn  off  7  inches  on  the  waters! 
supply  continuously  3,500,000  gallons  daily.  Green  Pond,  at  an 
vation  of  1,048  feet  and  with  an  area  of  460  acres,  could  be  mad 
supply  1,200,000  gallons  daily. 

The  flow  of  the  river  at  Dover,  as  determined  by  the  Geological 

vey  of  New  Jersey  (Vol.  Ill,  1894,  p.  182),  is  j^.iven  in  Table  VIII, 

readings  for  which  were  made  on  Sundays,  when  the  mills  were  f 

down. 

Table  Vin. — Flow  of  RiH'kaway  River  at  J^twer,  1890, 

[Drainage  area,  52.U  square  miles.] 


Date. 


Cubic 


Inches 
feet  Tier  on  water- 

®®^°^-    24  hours. 


March  30. 
April «... 
Aprill3.. 
Aprtiai).. 
April  27.. 
May4.-.. 
May  11... 
May  18... 
May  25... 

Junel 

June  8 

June  15. . . 
June  22. . . 
June  29. . . 
July  6.... 
July  20... 
July  27... 
August  3 . 
August  17 


25:^ 
182 
182 
115 
115 
175 
1(U 
182 
121 
128 
110 
115 
115 
41 
80 

:« 

272 
HIS 


0. 180 
.129 
.129 
.082 
.082 
.125 
.071 
.129 
.086 
.001 
.078 
.082 
.082 
.029 
.(67 
.028 
.l\H 
.226 
.028 


Date. 


Cubic 
feet  per 
second. 


August  24 

August  81 

September  7  . 
September  14 
September  21 
September  28 
September  30 

October  5 

Octobi»r  12. . . . 
OctolxT  19... 
Octob  -r  20. . . 
Novem}x»r  2 . . 
NovemlM?r  9 . . 
Novem})er  16. 
November  28. 
D<x'einber  7  . 
December  14  . 
December  21  . 


78 

78 

5U 

165 

129 

89 

39 

136 

104 

159 

206 

116 

88 

88 

61 

88 

43 

88 


In 
onv 

six 
24fa 


As  a  source  of  power  the  Rockaway  has  in  the  past  been  one  of 
most  valuable  rivers  in  the  State,  furnishin«i^  in  the  year  1890,  a 
sites,  1,398  horaepower,  with  many  available  sites  uuiinproved. 
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nter  rights  upon  the  araa  have  now  oome  into  the  posseasioa  of  Jer- 
mj  City,  and  the  river  will  be  used  as  a  source  of  water  supply,  and 
in  the  future  will  not  figure  largely  as  a  power  stream. 

Above  Old  Boonton,  on  the  Rookaway  shed,  there  are  122.5  square 
rniks  of  highland-drainage  area  which  have  been  included  in  the  tract 
•6(  spart  tor  the  water  supply  of  Jersey  City.  The  plan  proposed  by 
PiUrick  H.  Blynn,  contractor,  and  which  was  accepted  by  the  city, 
provides  that  a  main  intake  and  reservoir  shall  be  located  at  Old  Boon- 
ton,  which  shall  leave  an  area,  as  improved,  for  50,000,000  gallons 
daily  delivery,  of  949  acres  and  a  capacity  above  the  effluent  pipes  of 
1,8^,000,000  gallons.  Tributary  to  this  reservoir  will  be  the  whole 
low  of  Bockaway  River,  including  the  waters  of  Longwood  Valley, 
Gieen  Pond,  Denmark  Lake,  Beach  Olen,  Splitrock  Pond,  Dixon 
Pond,  Showg^m  Lake,  and  tributary  streams. 

Provision  will  be  made  for  increasing  the  supply  by  raising  the 
height  of  the  dam  so  that  the  area  of  the  reservoir  will  \ye  1,177  acres, 
vith  a  capacity  of  12,683,000,000  gallons,  Hn<l  a  supply  of  70,000,000 
gallons  daily. 

WHIPPANY  RIVER. 

This  stream  is  comparatively  unimportant  as  a  source  of  power,  and 
the  srea  is  not  well  developed  to  become  a  source  of  water  supply. 
The  population  on  the  watershed  is  large  and  furnishes  a  large  meas- 
ure of  pollution,  to  which  reference  will  be  made  Inflow. 

• 

POLLUTION  OF  PASSAIC  RIVER  SYSTEM. 

It  needs  only  a  superficial  inspectiou  of  the  Passaic  River  at  any 
point  below  the  city  of  Paterson  to  discover  the  l>ad  state  of  affairs 
there  existing.     Commencing  in  a  small  way,  the  sewerage  systems 
emptying  into  this  part  of  the  stream  have  increased  with  the  growth 
of  the  municipalities,  until  the  conditions  all  along  the  lower  reaches 
of  the  river  have  become  insufferable.     The  clutch  of  pollution  seems 
to  have  fastened  itself  there,  and  in  spite  of  the  best  efforts  of  intel- 
ligent men  no  satisfactory  legislation  has  yet  been  enacted  to  alleviate 
the  conditions.     In  considering  the  Lower  Passaic — i.  e.,  that  part 
lying  between  Little  Falls  and  Newark  Hay — the  Passaic  Valley  sew- 
erage commission,  created  by  an  act  of  the  legislature  of  New  Jersey 
in  February,  1896,  described  the  conditions  Iq  its  report  dated  Feb- 
ruary, 1897,  as  follows: 

The  great  extent  of  the  pollntion  of  the  Lower  Passaic  may  be  illustrated  in 
fleveral  ways.  It  is  apparent  to  the  eye  in  the  conditions  of  the  river  during  the 
Boxamer,  in  the  foulness  of  the  shores  where  sewage-laden  mud,  when  exxxised  to 
the  Bun,  glTes  out  foul  odors;  and  it  is  demonstrated  by  every  practical  test. 
The  cities  of  Newark  and  Jersey  City  have  been  compelled  to  seek  water  sup- 
plies elsewhere  at  great  ex])ense,  and  the  immediate  decrease  in  zymotic  diseases 
in  those  places  which  followed  the  change  has  shown  how  necessary  it  was. 
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Fish  life.*exoepting  a  few  hardy  kinds,  has  disappeared  from  the  river,  and  fif- 
teen years  ago  shad,  which  formerly  frecinented  the  stream,  abandoned  it.  The 
mannfactnrers  have  reported  that  the  acid  in  the  sewage-laden  water  has  affected 
the  boilers  s;>  as  to  make  its  nse  inadvisable.  The  use  of  the  river  for  pleasure 
purposes,  which  at  one  time  made  it  a  delight  to  thousands,  has  become  compar- 
atively infrequent,  and  the  attractiveness  of  the  river  [see  PI.  I,  A]  maybe  said  to 
have  disappeared. 

The  commissioners  in  their  meetings  at  the  various  towns  on  the  river  found  aU 
citizens  deeply  concerned  and  anxious  for  action  to  remove  pollution.  Their  tes- 
timony was  substantially  identical,  and  while  there  was  a  natural  desire  to  avoid 
doing  injury  to  the  fair  name  of  their  towns,  it  was  their  unanimous  sentiment 
that  the  pollution  of  the  river  had  caused  great  depreciation  in  property  values 
along  the  stream.  During  the  hot  months  residences  within  a  short  distance  of 
the  river  were  reported  to  be  almost  uninhabitable  on  account  of  the  stench,  and 
the  necessity  of  keeping  windows  closed  on  hot  nights  to  bar  out  the  evil  odon 
was  frequently  mentioned  as  showing  the  extent  of  the  actual  nuisance.  The 
injury  to  property  at  all  points  below  Paterson  was  testified  to  be  large  and 
increasing,  despite  the  many  natural  advantages  of  the  valley  and  its  neighboring, 
heights  for  suburban  residences.  The  actual  direct  effect  of  the  stench  upon  the 
public  health  was  discussed  with  caution  by  physicians  and  health  authorities, 
but  that  its  influences  were  gravely  injurious  admitted  of  no  doubt. 

Finally,  the  quantity  of  sewage  discharged,  compared  with  the  low-water  flow 
of  the  river,  was  shown  to  be  beyond  the  power  of  the  river  to  assimilate,  and 
exceeded  the  limits  which  have  been  regarded  as  permissible  for  an  ox>en  stream 
by  sanitary  authorities  of  other  countries  and  States. 

The  ratio  of  increase  in  population  for  the  Lower  Passaic  district  from  1880  to 
1890  is  placed  by  the  engineers  at  43.2  per  cent,  and  from  1890  to  1895  at  22.6,  the 
ratio  for  the  five  years  thus  exceeding  that  of  the  decade  previous.  The  river 
now  receives  the  sewage  of  the  cities  of  Paterson,  Passaic,  Orange.  Newark,  and 
the  towns  of  East  Orange,  Bloomfield,  Montclair,  Harrison,  Kearney,  East  New- 
ark, and  part  of  Rutherfonl.  Sewerage  facilities  for  other  places  are  an  admitted 
necessity  of  the  early  future.  It  therefore  appears  beyond  question  that  the  river 
pollution  is  sure  to  increase  enormously  unless  remedial  measures  be  taken. 

This  part  of  the  investigation  by  the  comuiissionera  therefore  demonstrated: 

That  the  daily  discharge  of  70,000,000  gallons  of  sewage  into  the  Passaic  River 
below  the  Great  Falls  of  Paterson  is  beyond  its  power  to  assimilate. 

That  the  pollution  has  become  a  nuisance  to  residents  along  the  banks  by  the 
stench  and  had  caused  depreciation  of  property  and  injury  to  health. 

That  the  fisheries  had  been  destroyed. 

That  the  river  had  ceased  to  be  desirable  for  pleasure  purposes,  boating,  bath- 
ing, etc. ,  no  longer  possessing  the  park  values  which  so  generous  a  stream  should 
afford  the  large  population  on  its  banks. 

That  the  use  of  the  river  for  manufacturing  i)urx>o8e8  is  suffering  on  account  of 
the  pollution. 

In  short,  the  pollution  of  the  Lower  Passaic  River  appeared  to  the  commissioners 
to  be  completely  established  as  a  public  nuisance,  an  injury  to  health,  and  an 
increasing  menace  to  property  interests  from  the  l>eginning  at  the  Great  Falls  to 
below  Newark. 

The  report  of  the  eomniission,  quoted  above,  in  dealing  with  Con- 
ditions of  the  Upper  Passaic  portion,  stat4\s  that  the  pollution  upon 
that  part  of  the  drainage  area  was  inconsiderable,  yet  the  rapid  growth 
of  the  municipalities  thereon  warranted  the  belief  that  in  a  short 
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9iee  of  time  the  poUation  entering  the  river  above  Little  Falls  would 
beift  anfavorable  in  its  effect  upon  the  river  as  that  of  the  Lower 
BmmIp,  and  recommended  that  there  be  absolute  prohibition  of  the 
■aaf  the  main  stream  or  tributaries  of  the  Upper  Passaic  watershed 
fnrtny  crude  sewage,  and  that  the  extent  to  which  filtered  efliuent  may 
be  permitted  to  enter  this  stream  should  be  subject  to  regulation  by 
ieommiaaion  in  charge  of  the  purification  of  the  river,  with  x>ower 
to  prevent  nuisance.  The  increase  in  population  sinc^  that  time  has 
ben  beyond  the  expectations  of  the  commisHion,  and  the  laws  that 
ha?B  since  been  enacted  for  the  protection  of  rivers  are  provided  with 
omtiflfoctory  means  of  enforcement.  There  is  no  doubt  whatever  that 
fke  pollution  within  this  area  is  far  more  extensive  than  at  the  date  of 
fteabove-quoted  report.  It  is  also  true  that  the  commission  recognized 
fhe  enormous  burden  imposed  by  the  pollution  in  the  Lower  Passaic 
and  gave  more  careful  attention  to  that  part  of  the  river  than  they 
did  to  the  higliland  area.  Let  us  therefore  examine  the  conditions  as 
flMy  now  exist  in  the  river  system  above  Great  Falls,  Paterson. 

Four  miles  up  the  river  is  Little  Falls,  a  town  of  2,008  inhabitants, 
without  any  public  system  of  sewerage,  but  nevertheless  producing 
eoDsiderable  pollution  from  private  drains  and  factories.  Analyses 
that  have  been  made  of  the  water  at  Little  Falls  dam  and  at  Great 
lUls  dam  show  an  appreciable  increase  in  organic  matter  at  the 
lower  station,  and  bacteriological  examinations  indicate  at  times 
e?en  more  strongly  the  presence  of  sewage  below  Little  Falls.  Tlie 
cities  of  Paterson  and  Passaic,  which  have  in  the  past  taken  their 
water  supply  from  the  head  of  Great  Falls,  have  not  during  that  time 
been  free  from  epidemics  of  typhoid,  which,  in  the  opinion  of  the 
sanitary  officials,  have  been  traceable  to  the  water  supply. 

Farther  up  the  river,  beyond  the  Great  Meadows,  are  the  towns  of 
Madison  and  Chatham,  containing,  respectively,  3,754  and  1,361 
inhabitants.  Neither  of  these  has  a  sewerage  system,  although  one 
is  projected  in  Madison.  The  pollution  of  the  river  at  tliese  towns  is 
more  than  would  l)e  ex|>ected  from  places  of  their  size  and  condition. 
Still  farther  up  is  Summit,  a  (Mty  of  5,302  inhabitants,  having;  a  sew- 
erage system  that  has  been  extended  through  the*  more  thickly  settled 
parts  of  the  city.  A  sand-filtration  area  lias  been  provided  on  the 
banks  of  the  Passaic,  whicli  lias  been  unsuccessful  from  the  stand- 
point of  purification,  the  effluent  bein^  not  at  all  satisfactory,  putri- 
fying  in  a  short  time  and  causing  a  serious  nuisance  at  tin*  Chatham 
dam,  a  few  miles  below.  Indeed,  so  unsatisfact^)ry  lias  been  the  work 
of  this  filter  that  its  abandonment  has  been  jiractically  decided  upon. 
A  plan  has  received  legislative  authority  whereby  Summit  may  join 
with  Milbum,  Vailsburg,  West  Orange,  Sjuth  Orange,  and  a  part  of 
Newark  in  the  construction  of  a  tide-water  trunk  sewer  whi(?h  shall 
discharge  into  Arthur  Kill. 

Upon  the  Whippany  are  MoiTistown  and  Morris  Plains,  the  former 
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with  a  population  of  11,267,  both  without  sewerage  systems,  and  the 
former  especially  contributing  a  large  amount  of  sewage  by  means  of 
private  drains  from  houses  and  factories,  so  that  the  river  and  its 
branches  ramifying  through  the  city  often  present  a  most  disgust- 
ing sight.  It  is  not  apparent  to  the  observer  that  the  municipal  author- 
ities there  have  taken  any  effectual  steps  to  prevent  pollution  of  these 
streams,  and  in  certain  parts  of  the  town  sewage  may  be  seen  running 
into  the  brooks  via  the  street  gutters. 

Boonton,  Rockaway,  and  Dover,  with  a  combined  population  of 
11,322,  are  situated  upon  Rockaway  River.  All  three  are  in  the 
drainage  area  embraced  in  the  reservoir  now  under  construction,  the 
waters  of  which  will  i*each  up  well  into  the  town  of  Boonton.  In  the 
contract  entered  into  between  the  <nty  of  Jersey  City  and  Patrick  HL 
Flynn,  the  contractor,  there  is  a  provision  that  all  sewage  shall  be 
diverted  from  the  catchment  area,  and  a  plan  has  been  provided 
whereby  the  contractor  shall  build  an  intercepting  sewer  which  shall 
collect  all  the  sewage  from  these  three  municipalities  and  empty  it 
into  the  Rockaway  below  Old  l^oonton.  The  present  plan,  therefore, 
will  not  relieve  the  river  of  its  pollution,  except  upon  that  part  of  the 
Rockaway  above  the  proposed  dam. 

Upon  the  streams  converging  into  the  Pompton  are  Bloomingdale 
and  Butler,  with  upwaitl  of  800  people,  and  Pompton  Village,  at  the 
mouth  of  the  Wanaque,  and  upon  the  Ramapo  in  New  York  State 
are  Suffern,  Ilillburn,  and  Tuxedo,  the  former  of  which  has  a  small 
sewerage  system  emptying  into  the  river.  Here  is  an  instance  of 
interstate  pollution.  Although  at  present  not  of  great  importance, 
there  is  every  reason  to  believe  that  as  the  town  increases  in  size  the 
pollution  may  become  sufficiently  extensive  to  affect  the  value  of  the 
Ramapo  watershed  in  New  Jersey.  The  laws  that  may  be  enacted 
and  the  surveillance  which  it  is  hoped  to  establish  in  New  Jersey  over 
watersheds  can  have  little  effect  in  New  York,  be  they  enforced  ever 
so  efficiently.  The  same  is  true  of  the  upper  part  of  the  Wanaque 
watershed,  and  also  of  Saddle  River.  Greenwood  Lake,  situated  in 
both  States,  is  a  favorite  summer  resort,  within  easy  distance  of  New 
York.  There  is  likely  to  develop  a  community  of  no  mean  importance 
at  the  New  York  head  in  years  to  come,  the  pollution  from  which 
would  injure  not  only  the  water-supply  value  of  the  lake,  but  also  the 
ice  industry,  which  amounts  annually  to  about  GO,(KX)  tons. 

In  the  year  1809  the  East  Jersey  Water  Company,  being  compelled 
to  give  up  the  water  from  the  Peqimnac,  which  would  in  September, 
1900,  pass  into  the  hands  of  the  city  of  Newark,  offered  to  another 
municipality  with  which  the  company  was  under  contract,  and  to 
which  it  was  then  furnishing  Pequanac  water,  a  supply  from  the  new 
intake  at  Little  Falls.  The  town  officials  not  boiiig  satisfied  with 
the  proposed  change,  and  believing  the  water  to  be  inferior  to  that  of 
the  highland  stream,  employed  Mr.  George  W.  Fuller,  of  New  York, 
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to  Qsamine  into  and  report  upon  the  snbject.  After  a  period  lasting 
rix  months,  daring  which  the  whole  matter  ivas  explored  in  minute 
letail,  Mr.  Fuller  submitted  his  report,  from  which  the  following 
CKtnct  is  made: 

WUle  adndtdng  that  Punic  River  water  from  Little  Falls  might  be  used 
*  *  *  without  any  serions  detriment  to  the  pnblic  health,  it  is  my  judgment 
that  tUs  water  can  not,  from  a  strictly  sanitary  standpoint,  be  rated  as  a  pore 
and  wholBBome  water.  This  judgment  is  based  on  the  fact  that  there  are  no 
ttorau^Jy  efficient  means  of  eliminating  the  germs  of  water-borne  diseases 
Montfaqr  shall  reach  the  consumers  at  *  *  *  in  the  event  that  such  disease 
itadid  heoome  prevalent  at  one  of  nearly  a  dozen  centers  of  population. 

The  Passaic  Valley  sewerage  commission  was  succeded  in  1B89  by 
Ike  State  sewerage  commission.  The  report  of  this  Ixxly  to  the  legis- 
btive  session  of  1900  reads  oonceming  the  Passaic  River  as  follows: 

The  purification  of  the  Passaic  River  has  been  and  is  the  greatest  jiroblem 
iHileh  has  demanded  the  attention  of  the  commission.  The  magnitude  of  the 
mdertaking  can  hardly  be  exaggerated.  The  report  of  the  Passaic  Valley  sewer- 
ags  oommisBion  of  1807  set  forth  the  then  existing  conditions.  The  commissioners 
i9pointed  under  the  act  of  1898  to  **  consider  the  pollution  of  rivers  and  streams 
in  this  State"  said,  referring  to  the  Passaic  River:  '*  The  condition  of  the  Passaic 
Biver  has  been  getting  worse,  and  during  the  last  summer  the  conditions  were 
evsn  noTB  faitolerahle  than  during  the  drought  of  1895.''  Bad  as  was  the  con- 
dittan  then,  that  during  the  summer  of  1899  has  been  far  worse  than  ever  before 
known.  As  early  as  June  serious  complaints  were  made  of  its  condition,  which 
have  oontfnned  during  the  whole  summer  and  into  the  autumn. 

It  is  a  common  error  to  supxx)se  that  the  condition  is  solely  the  result  of  pollu- 
tion of  Paterson  and  Passaic  and  the  municipalities  at  or  above  the  head  of  tide 
water.  While  these  communities  are  large  polluters  of  the  river,  others  are 
equally  guilty.  During  much  of  the  time  the  Passaic  River  is  little  more  than  a 
tidal  estuary,  in  which  the  outward  flow  of  the  tide  is  not  of  sufficient  duration  to 
empty  the  river  of  the  polluted  water.  The  incoming  tide  meets  the  sewagre  of 
Newark,  Orange,  Bloomfield,  Montclair,  Harrison,  and  neighboring  towns,  driv- 
ing it  up  the  river  to  meet  that  coming  from  above,  so  that  to  a  great  extent  the 
same  water,  with  constantly  increasing  quantities  of  sewage  being  added,  is 
driven  up  and  drawn  down  by  the  tide  until  large  rainfalls  occur,  when  there 
may  be  a  flow  of  water  from  above  sufficient  to  force  the  sewage  out  and  fill  the 
river  with  clean  water.  This  temxK)rary  relief  continues  as  long  as  there  is  water 
coming  down  sufficient  to  force  back  the  tide  and  allow  the  sewage  to  find  its  way 
into  the  bay.  i 

The  commission  received  numerous  complaints  from  residents  along  the  river, 
it  having  been  necessary  for  i)eople  a  half  a  mile  from  the  river  t<^  close  their  win- 
dows during  the  hottest  weather  to  keep  out  the  stench.  The  constantly  increas- 
ing quantity  of  sewage  lx»ing  poured  into  the  river,  together  with  the  dec^reasing 
amount  of  water  coming  down  for  the  dilution  of  the  sewage,  have  hastened  the 
time  when  some  remedial  action  has  become  imperative.  It  is  recommended  that 
]^;ialative  action  be  promptly  taken  to  abate  the  foul  condition  of  the  Passaic 
River.  To  this  end  a  bill  has  been  drafted  empowering  the  State  sewerage  com- 
mlssiOQ  to  require  such  other  disposition  of  the  sewage  and  other  polluting  sub- 
stance as  shall  meet  its  approval,  believing  that  when  it  becomes  obligatory  for 
those  fouling  the  river  to  do  something  else  with  their  sewage  they  will  join  with 
your  conmiission  in  seeking  the  best  way.    The  commission  has  sought  to  unite 
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the  different  municipalities  in  some  voluntar>'  action .  and  with  that  end  in  view 
invited  the  several  mnnicipalitiesiiow  discharging  sevrage  into  the  river  to  appoint 
committees  to  meet  with  the  State  commission  for  the  purpose  of  considering  the 
subject. 

In  a  further  rei)ort  to  the  legislature  of  1901,  the  same  commission 
speaks  concerning  the  Passaic  as  follows: 

The  sewage  ix)llntion  of  the  Passaic  has,  during  the  last  year,  increased  in  itB 
evil  effects.  Heretofore  the  objectionable  odors  have  been  limited  to  the  summer 
months:  but  during  the  last  autumn  the  stench  continued  until  the  freezing 
weather  locked  the  foulness  into  ice.  The  rainfall  was  below  the  average  during 
the  autumn,  and  wide  spaces  of  sewage-befouled  mud  were  exposed  to  the  air, 
giving  forth  nauseating  odors.  The  effects  were  felt  with  severity  all  the  way 
from  Paterson  to  Newark  Bay,  and  factory  hands  in  Paterson  and  in  Newark, 
near  the  river,  were  compelled  to  stop  work  a  number  of  times  on  account  of 
nausea  from  the  river  stench.    *    *    * 

The  flow  of  fresh  water  from  above  Great  Falls  is  showing  a  steady  diminution, 
princix)ally  owing  to  the  diversion  of  the  river  water  above  for  city  supplies,  and 
the  amount  of  the  discharge  will  unquestionably  increase  constantly.  The  effect 
ui)onthe  river  above  the  tidal  flow,  between  Paterson  and  Dundee  dam.  is  disas- 
trous, leaving  insufficient  water  to  carry  down  onlinary  sewage  discharge,  much 
of  which  lodged  during  the  summer  and  autumn  in  the  bare  river  bed,  giving 
forth  stench  and  threatening  disease  in  the  heart  of  Pat«rson.  The  scouring  by 
floods,  which  served  for  a  jwriodical  cleansing,  is  now  rarely  effective,  and  the 
conditions  seem  to  grow  worse.  The  evil  condition  of  the  whole  nver  can  scarcely 
be  exaggerated,  and  what  was  apparent  to  the  instructed  four  years  ago  is  now 
evident  to  any  i)erson  who  may  casually  observe  the  river. 

VALUE  OF  PASSAIC   RIVER  SYSTEM  AND    ITS    MODIFICATION   BY 

POLLUTION. 

WATER   POWKR   AND    WATER   SUPPLY. 

As  a  source  of  power  the  Passaic*  system  is  worth  about  ♦l,5(K),000. 
According  to  the  report  of  Mr.  Vermeiile  the  total  available  gross 
horsepower  of  the  stream  is  S,l)24.  Assuming  the  usual  efficiency  of 
70  per  cent  upon  the  wheel,  th(»re  may  be  den  eloped  a  net  liorsepower  of 
6,246.8,  which,  at  the  average  New  Jersey  rental  of  $22.50  i)er  horse- 
power, would  yield  an  annual  rental  of  8140,553.  With  a  capitali- 
zation of  10  per  cent  we  find  a  total  valuation  of  $1,405,530. 

The  value  of  the  river  as  a  source  of  water  supply  is  a  more  difficult 
problem  to  estimate  and  varies  according  to  the  means  used  to  collect 
the  water.  It  has  already  been  stated  that  at  the  head  of  Little  Falls 
the  river  will  supply  without  storage  about  85,000,000  gallons  daily. 
The  only  important  addition  to  the  flow  below  this  point  is  Saddle 
River,  which  furnishes  daily  a  minimum  of  about  2,G(X),000  more 
throughout  all  sc^asons.  This  total  of  about  87,0<K),(X)0  gallons  is 
undoubtedly  a  conservative  estimate  of  the  supply  available  at  the 
Belleville  pumping  station,  and  the  total  flow  of  tlu»  river  pasf  that 
point  would,  except  in  extraordinary  cjises,  be  fai-  greater.  If,  then, 
pollution  were  excluded  from  the  Passaic  and  the  minimum  flow  were 
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pmped  from  the  river  at  BeUeviUe,  there  would  he  no  disturbance  of 
I  tte  power  value  of  the  river,  so  that,  in  addition  to  the  power  valua- 
'■  tMm,  there  would  be  the  value  of  the  water.  Pumped  from  the  river 
a&  Belleville  and  raised  to  a  height  sufficient  to  serve  the  metroi)olitan 
msB  of  Essex  and  Hudson  counties,  this  water,  at  a  fair  valuation, 
woold  bring  125  per  million  gallons,  assuming,  of  course,  that  the 
jtvesent  pollution  had  never  existed. 

If,  however,  storage  is  provided  in  the  highland  areas  and  the  water 
is  allowed  to  flow  into  the  cities  by  gravity  we  shall  liave  a  measure 
of  resource  far  greater  than  that  above  estimated.  Mr.  Yermeule 
stales  that  666,094  gallons  per  square  mile  are  daily  collectible  with 
stomge  upon  the  Passaic  system.  Considering  only  the  773  square 
niks  above  Little  Falls,  and  the  60.7  square  miles  of  Saddle  River 
there  can  be  developed  through  storage  a  resource  equal  to  555,000,000 
gnUons  daily.  This  amount  of  water,  utilized  at  the  extremely  low 
nte  of  $15  i>er  million  gallons  and  on  the  basis  of  only  GO  per  cent 
eonaervanoe,  would  yield  an  annual  income  of  $1,823,175,  which  capi- 
tdiied  at  10  per  cent  equals  $18,231,750.  Under  such  a  system  the 
valer  power  would  be  largely  if  not  completely  destroyed,  so  that 
tUs  value  would  necessarily  \>e  deducted  from  the  al>ove  figures. 

It  has  already  been  shown  that  the  water  pumx>ed  from  the  river 
betow  Belleville  is  polluted  beyond  all  iKxssibility  of  use  in  its  crude 
Blate,  and  Indeed  the  city  of  Newark  had  this  fact  brought  to  its 
attention  during  the  winter  of  1800,  whim,  duriug  a  eontiniUHl  cold 
season,  the  consumption  of  water  readied  the  limit  prescrilKxl  in  the 
contract  and  the  water  was  again  pumped  into  the  mains  at  Belle- 
ville.    The  typhoid  epidemic  resulting  therefrom  was  a  severe  lesson. 

Expert  examination  has  shown  that  it  is  unsafe  to  usg  the  water 
from  Little  Falls  in  its  crude  state.  If  we  examine  the  history  of  the 
water  supply  upon  the  Passaic  w«»  shall  find  the  following  facts:  Pre- 
vious to  the  year  1888  the  municipalities  of  Newark,  Harrison,  Arling- 
ton, Belleville,  Nutley,  Kearney,  Passaic,  and  Paterson,  situated 
upon  the  Lower  Passaic,  and  Jersey  City,  situati^l  upon  the  Hudson, 
all  derived  their  water  supply  from  the  Passaic.  On  the  one  side  of 
the  river  Jersey  City,  Harrison,  and  Kearney  received  their  supply 
from  the  intake  owned  by  the  first-mentioned  city,  while  across  the 
river,  at  Belleville,  was  situated  the  Newark  i)uniping  station.  From 
the  latter  intake  there  were  pumped  10  to  20  million  gallons  daily,  at 
a  cost  of  tl5  to  $17  per  million  gallons,  while  at  the  former  intake 
about  the  same  amount  was  taken,  at  approximately  the  same  cost. 
Passaic  and  Paterson  were  supi)lied  from  an  intake  situated  at  the 
head  of  Great  Falls  and  owned  by  the  Passaic  Water  Company.  All 
of  these  municipalities,  especially  those  supplied  from  the  Newark 
and  Jersey  City  intakes,  suflfered  excessively  from  typhoid  fever,  due 
to  sewage  pollution  in  the  river. 
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In  1889  the  source  of  supply  of  the  Newark  system  was  transferred 
to  the  Pequanac  area  under  a  contract  with  the  East  Jersey  Water 
Company,  and  in  September,  1900,  the  ownership  passed  to  the  city  at 
the  cost  of  $6,000,000.  Although  the  change  from  Belleville  to 
Pequanac  involved  a  change  from  a  pumping  to  a  gravity  system, 
which  in  years  to  come  will  be  more  economical,  during  a  long  term 
of  years  the  fixed  charges  upon  the  plant  will  make  the  water  cosi 
Newark  $30  per  million  gallons,  an  amount  equal  to  twice  the  cost  of 
the  Belleville  water. 

The  source  of  supply  for  Jersey  City  was,  in  the  year  1898,  trans- 
ferred to  the  new  intake  of  the  East  Jersey  Water  Company  at  Little 
Falls,  a  temporary  arrangement  which  will  continue  during  the  com- 
pletion of  the  dam  at  Old  Boonton,  on  the  Rockaway,  which,  when 
developed  to  a  capacity  of  70,000,000  gallons  daily,  will  cost  the  city 
about  $9,000,000.  Here,  again,  the  transference  from  pumping  to 
gravity  will,  in  the  end,  be  the  means  of  securing  the  water  at  a 
cheaper  rate,  but  the  fixed  charges  in  the  meantime  will  operate 
similarly  to  those  in  Newark. 

In  1899  the  source  of  supply  of  Paterson,  Passaic,  and  Nutley, 
which  had  for  years  been  taken  at  the  head  of  Great  Falls,  was  trans- 
ferred to  the  new  intake  at  Little  Falls.  The  reasons  for  this  change 
are  not  entirely  confined  to  those  of  pollution,  although  there  is  no 
doubt,  and  indeed  it  is  admitted  by  the  officials  of  that  company,  that 
pollution  from  the  town  of  Little  Falls  had  rendered  the  water  unsafe 
for  domestic  use.  The  cost  of  this  change  is,  of  course,  not  made 
public,  yet  it  can  l>e  easily  understood  that  so  radical  a  move  must 
have  been  attended  by  a  considerable  outlay,  as  well  as  the  surrender- 
ing of  large  values  by  the  disuse  of  the  Great  Falls  pumping  plant. 

The  opinion  of  Mr.  Fuller,  already  stated,  having  been  unfavorable 
to  the  Little  Falls  water  in  its  raw  state,  and  pressure  having  been 
brought  to  bear  upon  the  company  by  the  municipalities  using  it,  it 
became  necessary  to  construct  a  filter,  which  is  nearing  completioji 
and  which  will  cost  about  $4:()0,(K)0.  Subsequent  additional  charges 
for  maintenance  will  amount  to  about  $G  per  million  gallons. 

ICE   INDUSTRY. 

Up  to  the  present  time  the  value  of  the  Passaic  system  as  a  source 
of  ice  supply  has  not  been  greatly  injured  by  i>ollution.  Greenwood 
Lake,  which  is  by  far  the  most  valuable  of  the  Passaic  ice  fields, 
affords  an  annual  average  supply  of  about  00,000  tons.  On  the  river 
below  Paterson  there  was  in  former  times  a  fairly  large  ice  industry, 
amounting  in  favorable  seasons  to  10,000  tons.  It  has,  however,  been 
completely  destroyed  by  the  pollution  of  the  river,  and  the  first  of  a 
proposed  series  of  suits  against  the  city  of  Paterson  has  been  won  in 
the  lower  court  by  an  injured  ice  dealer. 
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There  was  a  time  when  Paasaio  shad  were  ae  highly  valued  in  fhe 
CMtem  raarketB  as  are  those  in  the  North  River  to-day.  The  indus- 
try lionrished  and  was  a  sooroe  of  no  inconsiderable  inoome  to  the 
dvelleis  along  the .  river.  Under  the  present  conditions  only  one 
kiidy,  inedible  fish  will  live  in  these  waters. 

REALTY  VALUES. 


Pollution  of  the  Passaic  has  caused  its  greatest  damage  in  the 
ndoetion  of  realty  values.    We  can  not  estimate  with  any  degree  of 
eoneetness  the  amount  of  this  damage,  but  we  know  that  it  is  enor- 
■008.    The  banks  of  the  Passaic  from  Paterson  to  Newark  are  natu- 
laOy  attractive,  and  there  is,  in  the  northern  portion  of  New  Jersey, 
■0  more  suitable  nucleus  for  a  public  park.    Especially  along  the 
dMnes  of  Dundee  Lake  are  there  situations  which  are  ideal  for 
suburban  homes,  and  their  accessibility  to  the  large  cities  of  the 
BMtropolitan  area  would  naturally  make  them  desirable  in  the  eyes  of 
that  constantly  increasing  number  of  city  business  men  who  are  mak- 
ing for  themselves  homes  outside  of  Greater  New  York.    Yet  the  area 
is  pnustioally  uninhabitable — the  residents  along  the  shores  are  prin- 
cipally those  who  have  lived  there  from  birth  and  inherited  the  prop- 
erty upon  which  they  dwell,  or  who  moved  there  before  the  present 
conditions  existed,  and  are  encumbered  with  property  which  they  can 
neither  abandon  nor  sell.     Only  a  few  years  ago  the  value  of  this  land 
for  farming  purposes  was  from  1500  to  $8(X)  per  acre,  and  buildingsites 
were  held  at  a  much  higher  value.     For  one  piece  of  property  of  14 
acres,  in  a  particularly  favored  situation,   $40,000  was  refused  less 
than  twenty  years  ago.     To-day,  however,  this  plot  can  not  bo  sold  at 
any  price,  nor  is  there  any  market  for  the  i)roperty  along  the  entire 
shore  of  the  lake. 

SUMMARY. 

We  have  seen  that  the  natural  resources  of  the  Passaic  system  are 
very  extensive,  embracing  water  power,  water  supply,  ice  fields,  fish- 
eries, transportation,  and  natural  scenic  advantages,  but  that  all  but 
one  of  these  have  been  so  damaged  by  pollution  as  to  produce  the 
following  results: 

1.  Abandonment  of  three  water-supply  intakes  and  the  establish- 
ment of  three  others,  at  a  total  expense  of  not  less  than  $20,000,000. 

2.  Extensive  decline  of  power  values  because  of  inadaptability  of 
water  for  use  in  boilers  and  in  manufacturing  processes. 

3.  Loss  of  annual  harvest  of  ice  weighing  10,000  tons. 

4.  Absolute  destruction  of  fisheries  in  lower  valley. 

5.  Impairment  of  realty  values,  the  extent  of  which  can  not  be  too 
highly  estimated  in  view  of  the  fact  that  similar  properties  in  clean 
localities  have  been  made  of  immense  value. 
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IIUDSOX  RIVKR. 

Perhaps  the  most  resoiireeful  and  (M^rtAinly  the  most  famous 
on  tlie  Atlantic  coastal  plain  is  the  Hudson.     The  history  of  its 
covory  and  development  has  l>een  many  times  retold;  its  phy 
chanw*t<»ristic8  are  subjects  of  study  in  common  schools,  an< 
resources,  especially  from  the  standpoint  of  water  power,  have 
rep<vitodly  describetl,  notably  by  Prof.  Dwight  Porter,  in  Volume 
of  the  Tenth  Census  report,  and  later  by  Mr.  (Jeorge  W.  Rafter,  ( 
in  Nos.  24  and  25  of  the  series  to  which  tliis  paper  belongs.     It  t 
fore  seems  unnecessary  to  consider  this  branch  of  the  subject  ii 
following  pages,  and  as,  up  to  the  present  time,  very  little,  if 
detriment  has  arisen  to  water-power  values  through -sewage  polli 
anywhere  in  the  basin,  the  subject  of  power  is  not  pertinent. 

The  extreme  flatness  of  the  bed  of  the  Hudson  throughout  the 
150  miles  from  its  mouth,  and  the  depth  of  water  maintained  the: 
give  to  it  the  character  of  an  elongate  bay,  or  arm  of  the  Oi 
rather  than  that  of  a  river.  At  Troy,  the  head  of  natural  navig] 
and  also  of  tide  water,  the  level  of  the  river  at  mean  low  tide  is 
2.07  feet  above  mean  sea  level  in  New  York  harbor.  Under  i 
conditions,  the  influence  of  salt  water  extends  a  great  distance  in! 
the  brackish  taste  being  appreciable  at  times  at  Poughkeepsi 
miles  al)ove  Sandy  Hook  (see  PI.  V,  ^4).  The  influx  of  sea  wat 
the  flood  tide  was  studied  by  Mr.  II.  L.  JVIandarin,  under  the  auth 
of  the  United  States  Cojist  and  Geodetic  Survey,  in  1871,  the  re 
of  which  may  be  seen  in  Table  IX. 

Table  IX. — ASpectJic  gravities  of  ivatcr  in  the  Hudson  River  at  and  below  th 
fitee,  reduced  to  a  temperature  of  Cff'  /•'.,  September,  1S7I, 
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The  drainage  aiva  of  the  Hudson  is  estimated  by  Professor  P 

as  13,3(>(>  s([uare  miles,  8,034  of  this  beinji:  above  Troy.     Its  tribut 

extend  into  New  Jersey,  Massachusetts,  and  Vermont,  and  the  i 

iianu  flow  past  Poujjhkeepsie  is  said  tobe  about  l,oOU,(»on,0(X)  gn 

tli^ily.     In  his  report  to  the  Merchants'  Association  oi  New  York 
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jiable  flonroes  of  water  supply  for  that  city  Mr.  James  II.  Fuertes 
iputed  a  probable  flow  of  2,000,000,000  gallons  daily  at  the  time 
he  measarements  in  the  table  above. 

efore  considering  the  subject  of  pollution  in  the  Hudson  it  will 
^visable  to  examine  briefly  into  the  character  of  the  river  and  to 
trast  the  conditions  which  prevail  with  those  dealt  with  in  connec- 

with  the  Passaic.  We  have  seen  that  the  Passaic  River  is  a  com- 
itively  small  stream,  and  that  it  has  upon  its  l>ankH  numerous  large 
»  and  towns  which  pour  into  it  a  volume  of  sewage  at  times  greater 
1  the  flow  of  the  river.  In  the  Hudson  Hasin  we  have  an  area  more 
1  thirteen  times  the  size  of  the  Passaic,  contributing  to  a  flow 
ch  exceeds  the  latter  in  like  pro|)ortion.  C/onse<iuently  the 
»unt  of  sewage  poured  into  the  river  must  he  as  great  in  propor- 
i  to  the  flow  as  that  in  the  Passaic  and  of  similar  character  and 
ribution  in  order  to  accomplish  the  serious  results  that  wc  have 
nL  in  the  latter.     From  the  cities  in  the  basin  of  the  Hudson  River 

its  tributaries  there  comes  a  i)ollution  far  greater  in  amount  than 
n  those  in  the  Passaic  ilasin,  yet  the  proportion  of  contaminating 
i«r  to  the  total  flow  is  so  much  less  in  the  Hudson  than  in  the  Pas- 
)  that  they  bear  no  signiflcant  relation  to  one  another.  Few  if  any 
ats  in  the  Hudson  watershed  have  been  damaged  to  a  degree 
ch  at  all  compares  with  the  distress  that  has  arisen  along  the  Pas- 
;  Valley,  because  of  the  fact  that  the  natural  flow  of  the  Hudson 
argely  dilutes  the  sewage  x^oured  into  it  that  not  infrequently  the 
cts  thereof  are  not  traceable  by  sanitary  analysis.  In  the  year 
3  Dr.  Thomas  M.  Drown,  now  president  of  Lehigh  University, 
nd  that  the  water  from  the  river  above  Poughkeei>sie,  which  is 
)w  practically  all  of  the  iM)lluting  points  in  the  basin,  did  not 
Bal  upon  analysis  any  serious  tra(*es  of  sewage  matter;  indeed,  the 
er  appeared  altogether  In'tter  than  that  of  the  Schuylkill  River, 
n  which  the  city  of  Philadelphia  has  for  years  been  drawing  the 
iter  part  of  its  supply. 

LB  X. — Average  analym^H  of  Jliubupn  River  laiter  at  PtnighkeepHie,  June,  189,^^<^ 
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III  considering  pollution  upon  the  Hudson  it  will  be  necessary  to 
take  into  account  only  that  part  lying  al>ove  Poughkeepsie,  fur  bkII- 
wster  influence  extends  up  to  this  point,  and  this  of  itself  destroys 
many  resources  which  have  been  not«d  in  the  preceding  pages  as 
subject  to  damage  by  pollution.  All  succeeding  calculations  will  be 
baseil  upon  the  watershed  above  this  point  unless  otherwise  noted. 
Above  Poughkeepsie  the  river  still  maintains  the  charact«r  of  an 
in  laud -traffic  course,  plied  by  steauiei's  and  canal  boats.  Pollution 
in  therefore  unavoidable,  for  if  all  city  sewt^e  were  excluded  from 
the  river  the  ejecta  frout  pas.'Hiuger  steamers  passing  up  and  down 
would  make  the  raw  water  unsafe  as  a  domestic  supply,  especially 
when  such  matter  was  discliarged  near  a  supply  intake.  It  appears, 
then,  from  what  has  gone  before,  that  from  the  standpoint  of  pollution 
the  Hudson  divides  into  three  sections:  First,  that  within  the  salt- 
water iufiuence,  i.  e.,  from  New  York  to  Poughkeepeie;  second,  tha 
between  Poughkeepsie  and  Troy,  which  by  reason  of  its  commercia 
value  must  be  polluted;  third,  the  upper  or  highland  section,  alonj 
which  power  sites  are  available  and  which  partakes  of  the  characte 
of  an  ordinary  power  stream.  In  order  to  show  the  extent  and  popu 
lation  of  the  country  drained  by  the  Hudson  the  following  table  ha 
been  prepared,  in  which  the  populations  have  been  calculated  accorc 
ing  to  the  Twelfth  Census  Reports: 
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Herklmur!!!!!! 

I  Oneida 

LewlB _... 

MadiBUD 

Otmiti) 

Hon^iinery  .. 

Bchonarfi! 

Sohonentady. . . 
Albuiy 

(Jroene 

Sullivan  ------i 

DeUware 

Berkshire 

BennlnKlon 


Popnla- 

sr 

■x? 

n.M 

i..Ki 

7a.  4 

»,« 

19.49 

n  1 

\«.vt: 

ST.3 

.ml  HI 


North  of  Poughkeepsie,  on  llie  east  side,  tlioic  flow  into  the  Hudson 
hi  the  order  mentioned,  Cruiii  Klt»ow  t'tvek,  fallslmifr  and  I.nndsmai 
kills,  Stony  t'reek,  Koeliff  Janscn  Kill,  Claverack  jiiid  Kinderhool- 
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eneks,  Moordener,  Wynant  and  Poeston  kills,  Hoosic  River,  Batten 
Km,  Moses  Kill,  and  Sohroon  River.  Of  these,  Crum  Elbow  Creek, 
hUsbnrg  Kill,  Stony  and  Claverack  creeks,  Roeliff  Jansen  and  Moses 
UDSft  and  Schioon  River  are  not  important  from  the  standpoint  of 
ppnntion,  as  they  flow  into  the  Hudson  in  a  comparatively  pure  state. 
Tjndsman  and  Wynant  kills  and  Kinderhook  Creek  receive  a  certain 
ttBonnI  of  pollution  indirectly  at  the  centers  of  population  in  the 
emurseB  of  the  three  streams.  Hoosic  River  is  badly  polluted,  and 
Bitten  Kill  to  a  less  extent. 

On  the  west  side  of  the  Hudson  the  river  branches  enter  in  the 

loDowing  order:  Rondont  Creek,  Esopus,  Catskill,  Hannacrois,  and 

OMjman  creeks,  Norman  Kill,  Mohawk  River,  Anthony  Kill,  Fish 

Creek,  Snook  Kill,  and  Sacandaga,  Indian,  Cedar,  and  Rock  rivers. 

Of  these,  Hannacrois  and  Coeyman  creeks,  Norman  and  Snook  kills, 

and  Sacandaga,  Indian,  Cedar,  and  Rock  rivers  need  no  discussion 

because  of  their  comparative  freedom  from  pollution.     Rondout, 

Kaaterskill,  and  Catskill  creeks  receive  considerable  indirect  and  pri- 

▼mfee  drain  pollution,  while  Wallkill  a  ad  Mohawk  rivers  and  Esopus 

and  Pish  creeks  are  directly  polluted  by  sewage  systems. 

It  has  already  been  stated  that  pollution  along  the  middle  or  navi- 
gable section  of  the  Hudson  above  salt-water  influence  is  unavoidable, 
even  if  city  sewage  were  entirely  excluded  from  the  river.  In  order 
to  make  the  whole  pure  it  would  be  necessary  to  close  the  river  to 
commerce,  and  as  its  value  as  a  means  of  transportation  far  overtops 
all  other  values  which  it  may  have,  such  a  suggestion  is  manifestly 
absurd.  We  are  forced,  then,  to  conclude  that,  for  the  present  at 
least,  while  pollution  may  unfit  the  Hudson  up  to  Troy  for  use  as  a 
domestic  water  supply  without  filtration,  the  damage  to  the  resources 
18  insignifiant  compared  to  the  damage  which  would  occur  by  exclud- 
ing sewage  from  the  river.  While  tlu^  water  i'<Miiains  fit  for  filtration, 
then,  the  Middle  Hudson  is  of  more  value  as  a  polluted  stream  than 
it  would  be  if  preserved  unpolluted.  But  if  the  time  should  ever 
come  when  the  condition  of  the  Hudson  should  approach  that  of  the 
Lower  Passaic,  then  it  would  be  highly  necessary  to  enforce  sewage 
purification  upon  the  towns  and  citi(»s  along  the  banks.  Su(^h  a  con- 
tingency is,  however,  very  remote. 

The  reports  of  the  Tenth,  Eleventh,  and  Twelfth  Census  bureaus 
show  that  the  growth  in  population  along  the  Hudson  below  the  mouth 
of  the  Mohawk  has  not  Ix^en  marked.  During  the  last  decade  the 
cities  of  Albany,  Troy,  and  Hudson  have  actually  decreased  in  pop- 
ulation, while  the  gain  in  others  has  been  subnormal.  Any  alarm- 
ing increase  in  the  amount  of  sewage  iwured  into  the  Hudson  cannot, 
therefore,  be  expected,  and  it  will  not  probably  be  in  danger  of  l)ecom- 
ing  the  consummate  pest  that  the  Passaic  has  l)ecome  shouUl  there 
be  no  regulation  of  sewage  disposal  for  generations. 

It  will  be  necessary  to  cxmsider  the  sources  of  pollution  along  the 
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middle  section  of  the  Hudson  in  ordor  that  tlie  lioiiditioiiH  there  exist- 
ing may  be  (Nearly  shown.  C-at.8kill,  Hudson,  All>au3%  Rensselaer, 
Watervliet,  and  'I'my  (including  I^nsingburg)  are  sewered  cities 
along  the  middle  se^ction  of  the  river,  containing  a  combined  popula- 
ticm  of  204, IIH).  The  amount  of  sewage  discharged  from  these  plaoee  ' 
is  unknown;  no  gagings  liave  l)een  made,  and  any  estimate  which 
might  l>e  given  would  not  l)e  even  approximately  correct.  Judging 
from  the  XK)pulation  involved  it  might  l>e  expressed  as  about  one-half 
that  discharged  into  the  lowtT  section  of  the  Passaic. 

Catskill  is  a  village  of  5,484  inhabitants,  having  shown  a  growth  of 
11.5  jKjr  cent  during  the  last  decade.  The  manufacture  of  bricks 
forms  a  large  industry,  and  the  textile  mills  are  important.  Its 
source  of  water  supply  is  the  Hudson,  the  water  from  which  is  filtered 
previous  to  distribution.  A  system  of  sewerage  has  been  extended 
throughout  the  corporate  limits,  and  the  sew^age  is  discharged,  unpuri- 
fied,  into  the  mouth  of  C-atskill  Ci'eek. 

Hudson  is  a  city  in  Columbia  County,  which  is  largely  devoted  to 
manufactures  of  iron  and  lumber.     It  is  also  the  seat  of  several  State 
homes  and  schools.     During  the  past  decade   the  population  h^ 
dropped  from  l),i»70  to  I»,r)2S.     It  is  supplied  with  filtered  water  frot» 
the  Hudson,  an<l  discharges  alx)ut   1,200,000  gallons  of  unpurifi^ 
s(jwage  daily  through  a  combined  system  of  sewerage. 

Albany,  the  capital  of  the  State  of  New  York,  has  also  decreased  i- 
popiilation.  During thcMic^eade  18!K)-l!iO()the  lossamounted  to. 81  p^= 
cent.  Although  in  tlu»  i)ast  the  city  has  suffered  severely  from  polluted 
wat(»r  supply,  the  lillei-s  recently  installed  under  the  direction  of  M  ^ 
Allen  Haz(»n,  M.  Am.  Soe.  C.  E.,  have  made  Hudson  River  wat<i? 
acceptable.  The  sewei*s  discharge  raw  wastes  into  the  Hudson,  bi^ 
then*  appear  to  1k»  no  available  records  of  gagings  of  the  amount 
The  average  daily  eonsmnptioii  of  water  at  tiie  pn^sent  time  is,  how* 
ever,  about  ls,(K)n,(M)()  gallons. 

UenssehuM-,  situat(»d  opposite  Albany,  in  Rensselaer  County,  is  n 
niunieipality  in  which  there  has  been  a  slight  growth,  the  population 
ac'conling  to  the  Twelfth  Census,  Iwing  7,  MJO.  It  is  supplied  witk 
wat(M"  from  the  Hudson,  filtered  by  a  Jewell  nie(»hanical  filt:er.  A 
se])arate  system  of  sew(M*ag<»  discharges  raw  wast(\s  into  the  river,  the* 
amount  of  which  is  said  to  averag(»  al)out.  l,r)n(),(MM)  gallons  daily. 
The  aecuraey  of  this  statement  is  une<'rtain,  how(jver,  and  it  is  prob- 
able that  the  actual  disehargo  is  considerably  more  than  the  above. 

Watervliet,  formerly  known  as  West  Troy,  and  Troy,  which  now 
includes  the  former  city  of  Lansingburg,  have  a  combined  population 
of  S7,5^)7.  The  increase  in  population  at  Watervliet  and  Lansing- 
bury;  has  Imhmi  normal,  but  at  Troy  the  Twelfth  Ccmisus  returns  show 
a  d(»crease  in  the  last  (l(K'ad(^  of  ^)n(),  Trov  wattM-  is  largely  taken 
from  the  Hudson  and  has  caused  a  gn^'it  aiiKKint  of  <lis<^ase.  Plans 
are  now  IxMng  ex(MMited  which  will  relie\(*  this  condition  by  th<»  ccm- 
s(»rvan(M»  of  a  highland  su[)ply  a  short  distance  away  from  the  city. 
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At  TiMwingbQig  the  dn^nage  into  the  UadBou  luw  lieen  defective, 
nd  {dans  for  making  more  perfect,  more  diieot  pollution  have  heen 
'  qipraved  by  the  State  board  of  health. 

Besides  the' above-mentioaed  manicipalitiee  there  are  located  upon 
Ae  banks  of  tb\A  aeotion  of  the  Hudson  the  following  Hmall  plaoee 
ladnded  in  Table  XII,  some  of  vhich  have  no  public  sewerage  sys- 
Ihu,  yet  whioh  fnmiah  considerable  pollation. 

Tuix  XH. — Pop>ibitUm,watermi.pply,aml9ewerageoft!ertamttmma  on  Hudson 
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Above  Troy  navigation  on  the  Hudson  is  confined  to  the  transfer  of 
eanal  boato  tbroogh  the  pool  of  the  State  dam  at  Troy  up  the  river  to 
Waterford,  where  they  enter  the  Champlain  Canal.  According  to 
leoent  reports  there  has  been  a  redaction  in  canal  traffic  in  New  York 
State,  so  that  the  value  of  the  river  above  Troy  for  heavy  traffic  can 
be  r^^arded  as  somewhat  transitory.  Above  this  point,  then,  the 
river  is  valoable  principally  for  power,  water  supply,  and  ice. 

Civic  pollution  becomes  more  important  above  the  confluence  of  the 
Mohawk,  where  the  flow  is  considerably  less,  and  the  danger  is  that, 
as  the  cities  increase  in  population,  there  will  arise  conditions  similar 
to  those  on  the  Passaic.  The  cities  and  villages  above  Troy  have  all 
Aown  a  healthy  growth  during  the  past  decade,  and,  strangely 
enoogh,  have  collectively  iiicruastrd  at  a  rate  far  higher  than  places 
nearer  the  metropolis. 

Tabjje  Xni.—Oi'iiteri' of  juilliitiiin  on  Upprr  Hudmn. 
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The  above-named  citieH  and  villages  represent  a  Bewered  populatioK' 
of  47,615.     Meehanicville  in  a  village  devote  to  manufacturing,  th^ 
thread  industry  l>eing  the  most  important.     It  shows  a  growth  o' 
about  74  per  cent  during  the  past  decade.     Schuylerville  has  conslct^ 
erable  private  drain  pollution,  yet  it  is  without  marked  effect  upoi 
the  river.     At  Fort  Edward  there  is  a  satisfactory  water  supply,  an 
a  sewerage  system  has  been  recently  constructed  which  extends  nearl 
throughout  the  corporate  limits. 

Sandy  Hill  is  another  thriving  village,  showing  a  growth  of  55  pe- 
cent  during  the  last  decade.     Although  no  sewerage  system  has  ye^- 
been  constructed,  the  river  pollution  is  comparatively  serious.    I 
1896  plans  for  a  system  of  sewerage  and  disposal  works  were  submittecm 
to  the  State  board  of  health  and  accepted,  so  that  even  though  notlL. 
ing  further  has  been  acxK)mplished  the  establishment  of  another  sou 
of  pollution  can  not  be  far  removed.     Glens  Falls,  a  short  distan 
above  Fort  Edward,  is  supplied  with  water  and  se.werage  systems*    r 
which  are  well  extended  through  the  village.     The  place  of  the  fimu^H 
disposal  of  the  sewage  is  described  by  the  village  engineer,  G^rge 
Slack,  as  a  ''sink  hole  in  ledge,"  which  probably  means  that  it  tak 
the  most  obvious  course,  i.  e.,  the  Hudson  River,  accompanied,  ve 
likely,  by  a  slight  purification.     This  village  has  a  population  o 
12,613,  having  increased  from  9,509  during  the  last  decade. 

This  part  of  the  river,  comprising  in  its  drainage  area  about  6,00C3 
square  miles,  is  said  to  have  an  average  flow  of  about  174,528,000 
cubic  feet  daily,  which  is  probably  approximately  correct.     It  par^ 
takes  of  the  nature  of  a  highland  river,  having  a  fall  from  Glens  Fall^ 
to  Troy,  a  distance  of  4G.5  miles,  of  282  feet,  and  is  largely  given  up 
to  lumber  business  and  lime  manufacture. 

Waterford  and  Cohoes  are  at  the  mouth  of  the  Mohawk.  A^* 
both  places  mill  manufacturing  is  the  largest  industry,  Cohoes  possess- 
ing one  of  the  largest  cotton  mills  in  the  world.  Pollution  from  thes^ 
two  cities,  added  to  that  already  imparted  to  the  Mohawk  from  cities 
above,  is  responsible  for  the  high  morbidity  rate  from  waterborno 
diseases  in  the  cities  of  Troy  and  Albany. 

EASTERN  TRIBUTARIES  OF  THE  HUDSON. 

The  tributaries  of  the  Hudson  that  receive  only  pollution  incident 
to  the  drainage  of  unoccupied  land  require  only  slight  consideration 
in  these  pages,  while  those  that  are  comparatively  normal  as  to  con- 
dition of  water  do  not  come  within  the  seoi)e  of  this  discussion.  The 
tributaries  entering  the  Hudson  from  the  east  l)elonging  to  the  first 
class  above  noted  are  Landsman  and  Wynant  kills  and  Kinderhook 
Creek. 

Landsman  Kill,  a  small  stream  entering  the  Hudson  at  Vanderburg 
Cove,  carries  considerable  pollution  from  the  village  of  Rhinel)eck, 
which  contains  1,484  inhabitants.     A  report  from  the  secretary  of  the 
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oard  of  health  stated  that  a  water  supply  lias  been  provided  and 
le  Tillage  has  no  system  of  sewerage.  It  is  further  stated  that 
1 75,000  gallons  of  sewage  a  day  enters  the  stream.  The  method 
mating  this  amount  is  not  shown,  however,  and  it  is  more  than 
de  that  the  result  is  a  wide  approximation  made  with  question- 
Ata.  However  this  may  be,  it  is  certain  that  the  amount  ejected 
appreciable  effect  upon  tlie  lower  reaches  of  the  river,  and  its 
ce  is  apparent  locally  only  in  the  area  immediately  around  the 
B  points  of  discharge.  The  village  of  Rh]nebe<*k  has  decreased 
erably  in  population  during  the  past  decade,  and  the  question 
ire  pollution  at  this  point  can  not  l)e  regarded  as  serious. 
lant  Kill  empties  into  the  Hudson  a  short,  distance  l>elow  Troy, 
^  flowed  northwest  through  an  agri<*ulturHl  region.  Its  ultimate 
of  supply  is  a  chain  of  lakes  in  an<l  around  the  town  of  Sand- 
n  Rensselaer  County.  At  Averill  Park  and  other  small  settle- 
there  is  unimportant  pollution.  The  drainage  area  seems  to  be 
losing  its  population  and  the  future  is  therefore  not  regarded 
pprehension. 

lerfaook  Creek  passes  through  country  similar  to  that  drained  by 
it  Kill.  Upon  its  banks  are  the  <*omi)aratively  important  set- 
ts of  Nassau,  Valatie,  and  Stockport.  The  latter  is  upon  Clav- 
Oreek  near  its  confluence  with  Kinderh(M>k.  The  observations 
made  may  well  apply  to  the  <H>n<litions  upon  this  creek, 
lie  River  and  Batten  Kill  are  poUutM  to  a  gi'eater  extent  than 
ers  considered  imme<liately  above.  Both  of  these  streams,  and 
dly  the  former,  are  (laniag<'<l  considerably  by  contaminating 

• 

a  Hoosic  River  are  the  centers  of  population  shown  in  Table 

Table  XIV. — ('eutern  af  iHtpulaliau  on  Ifixtsic  River, 
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•»  Part  of  PittHtoii  town;  no  M'lNirat^*  retumH. 


Hoosic  dniina^<»  basin  ext(»iuls  throiijich  Rensselaer  and  part»8 
shington  and  Columbia  counties  into  th(^  States  of  Vermont 
assachusetts,  eomprising  an  area  of  730  square  miles.  The 
B  flow  of  the  river  is  stated  to  bo  alK)Ut  450  cubic  feet  per  sec- 
Ith  a  minim iiin  of  ISO.  It  is  a  most  important  power  system, 
'that  reason  there  is  a  fairly  large*  population  within  the  basin. 
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At  SchaKliticoke,  a  village  of  1,(H>1  inliabitauts,  there  is  nopublie 
water  supply  and  no  sewerage  system,  but  there  is  nevertheless  a 
large  amount  of  pollution  from  drains  and  factories,  which  undoubt- 
edly has  an  appreciable  effect  upon  the  water  of  the  river. 

At  Hoosic  Falls  there  are  5,671  inhabitants  supplied  with  water 
from  wells  dug  along  the  banks  of  the  river.  Filtration  is  such  that 
the  pollution  above  tfiis  point  does  not  affect  the  water  drawn  from 
the  wells.  There  is  also  a  sc^parate  sewerage  system,  emptying  raw 
sewage  into  the  Hoosic. 

On  a  branch  of  the  Hoosic  called  Owl  Kill  is  the  village  of  Cam- 
bridge, with  1,578  inhabitants.  It  has  a  water  supply  and  no  8ew:er8, 
so  that  the  x>ollution,  although  <;onsiderable  in  amount,  is  somewhat 
indii'ect. 

Bennington,  in  Vermont,  with  a  population  of  5,656,  has  a  sewerage 
system  emptying  into  the  Wallomsic,  a  branch  of  the  Hoosic. 

At  North  Adams,  Mass.,  a  city  of  24,200  inhabitants,  lying  near 
the  head  of  Hoosic  River,  there  arises  the  most  serious  contamination 
along  the  whole  length  of  the  stream.  The  condition  is  at  times 
exceedingly  offensive,  and  the  local  board  of  health  has  found  it 
advisable  to  prohibit  the  sale  of  ice  from  the  river  and  from  polluted 
ponds  emptying  into  it.  The  condition  is  well  set  forth  in  the  reports 
of  tlie  Massjichusetts  State  board  of  health.  The  following  table  of 
average  analyses  is  taken  from  the  I'eiwrt  issued  for  the  year  1900 
(p.  330),  the  water  having  Ixh^ii  taken  from  the  river  at  Williams- 
town,  a  short  distance  below  Nortli  Adams. 

Tablk  XV. — (^hemival  e.r(i  mi  nation  of  water  f  nun  the  Htmnic  River  at  Williams- 

totnt.  Mass. 

[Average**  l»y  ywin*,  in  partH  i>er  million.] 
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JIAIIf . .... ... 

64 

68 

1900 

66 

o'*D.*'  is  u  term  u-st'd  to  indi<>ate  tho  Kon(*iiil  upiKMiniTK-e  of  tho  wut<»r,ainl  muanft  "  decided." 
^Determincfl  a«*<"or(ling  to  NeHHl<*r  Htaudurdn. 

In  tlie  al)Ove  table  it  is  of  intenjst  to  note  the  increase  from  year  to 
year  in  the  ammonias,  nitrit<»s,  and  ehlorino,  iiKlicaling  unmistakably 
the  increjise  in  pollution  from  North  Adams,  alonji:  with  municipal 
growth. 

The  Hoosic  Iliver  is  therefore  a  stream  whicli  ])ecomos  a  trouble- 
some nuisance  almost  at  its  starting  point,  and  ptisscs  through  Ver- 
mont into  New  York  State  in  a  badly  damaged  condition.     During 
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He  long  streteheB  throngb  New  York  it  improves  in  qaality  through 
flsidation  of  its  oiganie  oontentB  and  sedimentation  of  its  suspended 
■atter,  and,  in  spite  of  the  eontamination  it  receives  at  various  points, 
tatem  the  Hndaon  probably  in  better  condition  than  when  it  crosses 
Ihe  New  Tork-Vermont  State  line.  It  is  the  clearest  case  of  inter- 
state pollution  which  we  have  yet  considered. 

Next  above  the  Hooeic  is  Batten  Kill,  which  is  one  of  the  most  val- 
uable power  streams  tributary  to  the  Hudson.  It  has  a  drainage  area 
of  about  450  square  miles,  and  the  average  flow  has  been  roughly 
determined  at  about  280  cubic  feet  per  second. 

The  important  centers  of  population  along  the  river  are  Greenwich 
and  Salem,  which  have  1,869  and  3,191  inliabitants,  respectively. 
Neither  of  theae  places  has  a  public  sewerage  system,  yet  pollution  of 
the  river  from  these  points  is  well  marked. 

.It  is  a  surprising  fact  that  nearly  all  of  the  towns  and  villages 
laying  east  of  the  Hudson  in  New  York  seem  to  be  unprogressive, 
many  of  them  having  decreased  in  population  during  the  last  decade. 
Pollution  is  therefore  not  a  growing  danger  in  the  eastern  tributaries, 
and  the  water  which  flows  from  them  into  the  Hudson  ih  pure  as  com- 
pared with  that  of  the  main  river. 

WB8TBRN  TRIBUTARIES  OP  THE  HUDSON. 

Pollution  upon  the  western  basin  of  the  Hudson  is  far  more  serious 
than  that  on  the  east.  The  facts  concerning  the  important  rivers 
joining  the  main  river  from  the  west  are  given  in  Table  XVI 


Tablb  XVI. — Western  tribiitarieH  of  Hudson  River, 


Stream  or  hranch. 


Bondoat  Creek 

WamdU 

Eeopne  Creek 

CfttskiU  Creek 

KaaterekiU 

Hannacrois  Creek 

Norman  KOI 

Mobawk  Biyer.    {See  special  diHctuHHion  1>eluw.  > 

Anthony  Km 

Fifth  Creek 

Racandan  River 

Indian  Xuver 

Cedar  River 

Rock  River 


Number  of 
;  pollution  I 
I    points,    j 

3 
16 

8 
4 
6 
None. 
2 


Nurab<^r  of  HoweraKe  systemH. 


None, 
'  H;  two  doinir  <*on8iderable  damage. 
*  1:  part  of  KinKHttmsyHtem. 
,  None. 
!         Do. 
,         Do. 
Do. 


2  !  2 

3  I  None. 
Nono.  Do. 
None.  '         Do. 
None.  Do. 


Catskill  and  Esopus  creoks,  Wallkill  River,  and  Rondout  Creek 
have  during  the  last  few  months  rcHHMved  the  attention  of  the 
engineering  corps  of  the  water  department  of  New  York  City  in 
cooperation  witli  the  Division  of  Hydrography  of  tlie  United  States 
Geological  Survey.  The  various  drainage  areas  liave  been  exam- 
ined, and  gaging  stations  have  Ix^on  established  in  the  streams  at 
convenient  and  important  points. 
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KONDOUT  CREEK    AND   WALLKILL  RIV^ER. 

Entering  the  Hudson  at  Kingston  is  Rondout  Creek,  which  drains 
an  important  area  in  New  York  and  a  few  s([uare  miles  in  New  Jersey. 
Its  principal  tributary  is  the  Wallkill,  whose  drainage  area  is.de8cril)ed 
in  Water-Supply  and  Irrigation  Pai)er  No.  05,  pages  71  and  72.  At 
New  Paltz,  N.  Y.,  a  gaging  station  has  been  established,  and  the 
current-meter  measurement's  that  have  In^en  made  at  that  plac^e  since 
July,  1901,  are  reproduced  upon  pages  72  and  73  of  the  above- 
mentioned  report. 

The  principal  branch  of  the  Wallkill  is  Shawangunk  Creek.  A 
large  amount  of  sewage  enters  the  main  river,  and  of  late  it  has 
increased  markedly.  The  principal  foci  of  pollution  are  at  New 
Paltz,  Modena,  Gardiner,  Wallkill,  Walden,  Montgomery,  Goshen, 
Middletown,  Warwick,  New  Millford,  Hamburg,  Deckertown,  and 
Florida.  At  Middletown  (a  manufacturing  and  dairy  center)  there 
has  been  established  a  sewerage  system  which  discharges  into  a  small 
tributary  of  the  Wallkill  a  toUii  of  about  805,000  cubit  feet  of  sewage 
per  day.  The  damage  arising  from  this  practice  has  been  so  great 
that  it  was  made  the  subject  of  a  special  investigation  bj^  the  State 
board  of  health  of  New  York.  In  the  twelfth  annual  report  of  that 
body  is  an  account  of  the  investigation,  written  by  Mr.  Charles 
C.  Brown,  formerly  a  professor  at  Union  College,  Schenectady.  A 
part  of  Professor  Brown's  report  reads  as  follows: 

The  condition  of  the  stream  in  the  fntiire,  if  left  unattended  to,  will  bcH'ome 
rapidly  worse,  for  the  amount  of  pollution  entering  the  stream  is  rapidly  increas- 
ing. The  sewerage  system  of  the  city  of  Middletown  is  practically  but  two  years 
old  [1891]  and  the  proportion  of  houses  (;onne(rted  with  the  system  is  still  quitt* 
small.  *  *  *  Additional  sewers  are  put  in  at  freiiuent  intervals  and  the  city 
is  steadily  increasing  in  population.    *    *    * 

This  makes  early  attention  to  the  improvement  of  the  stream  absolutely  necessary. 

As  far  as  Mohegan  Brook  is  concerned,  the  trouble  could  ])e  remedied  by  con- 
structing an  outlet  sewer  to  Wallkill  River.  I  ])elieve  the  river  is  not  large  enough 
to  take  care  of  the  amount  of  sewage  discharged  from  the  main  sewer  without 
the  production  of  nuisance.  Villages  along  the  course  of  the  Wallkill  below  Mid- 
dletown are  discussing  the  propriety  of  using  the  wat<?r  for  domestic  purpose. 

Since  the  date  of  this  report,  Middletown  has  increased  to  a  city  of 
14,552  inhabitants,  a  gain  of  21  per  cent  over  the  returns  for  1890. 
The  average  daily  water  consumption  is  2,0< M),()0()  gallons,  and  Mohegan 
Brook  has  l)een  condemned  by  the  courts  as  a  sewage  course,  making 
it  necessary  for  the  city  to  provid<»  a  sewage-pnrirication  plant. 

At  Goshen  the  pollution  of  the  small  creeks  which  run  through  the 
village  is  remarkable.  In  a  report  inad(»  to  Ihe  State  board  of  health 
in  1890  Professor  Brown  stated: 

This  brook  at  present  receives  much  drainage  from  houses  and  business  blocks 
in  the  village  and  nearly  all  the  street  drainage.  But  the  headwaters  of  one  branch 
of  the  stream  furnish  the  water  supply  for  the  village,  and  what  is  left  forms  only 
a  small  brook,  which  must  become  very  foul  during  ordinary  seasons  when  there 
are  no  frefjuent  heavy  showers  to  fiush  it  out.  On  my  last  visit  1  found  the  brook 
7/7  f/jj'ji  foul  condition,  throughout  tx>th  its  luaiu  \^Tvv\u-V\i^s  \i\  \\\v^  vUUv^e.     *     *    » 
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I  hmve  no  doabt  that  the  cofuditiim  of  this  brook  is  responidble  to  a  large  extent 
for  the  epidemics  of  symotic  diseases  to  which  the  village  seems  to  be  subject. 

A  water  and  isewerage  system  haH  been  installed  at  Walden,  a  thriv- 
ing dairying  center  of  3,147  inhabitants.  The  total  daily  water  con- 
sumption is  80,000  gallons,  but  as  the  '*  combined  "  system  of  sewerage 
has  been  installed  the  discliarge  into  the  Ten  Broeck  and  WallkiU 
is  oonsiderably  more  than  the  water  consumption  in  stormy  seasons. 

Dedkertown,  N.  J.,  having  a  population  of  1,306,  has  installed  an 
excellent  water-supply  system,  and  although  no  sewers  have  3*et 
been  laid  a  large  amount  of  pollution  enters  the  Wallkill.  This 
forma  another  opportunity  for  future  trouble  arising  from  inter- 
state pollution.  The  difficulties  of  regulating  the  New  Jersey  end  of 
tlie  watershed  were  recognized  in  the  report  of  the  engineering  com- 
mittee of  the  Merchants'  Association  of  New  York  upon  the  Water 
Supply  of  the  City  of  New  York  (p.  78).  It  was  regarded  as  a  ^'  serious 
complication  "  in  the  way  of  adopting  the  Wallkill  water  for  the  city  of 
New  York,  although  these  complications  were  recognized  as  due  as 
much  to  other  features  of  interstate  regulation  as  to  pollution. 

Chester  and  Montgomery,  villages  of  1,250  and  973  inhabitants, 
respeetively,  are  supplied  with  water  systems,  and  the  pollution  of 
tlie  river  is  by  private  drains  and  contaminated  run-off  water  only. 

New  Paltz,  a  village  of  1,022  inhabitants,  furnishes  a  surprising 
amount  of  contamination,  even  though  it  possesses  no  system  of  sew- 
erage. Plans  were  aiiproved  by  the  State  authorities  for  such  a  sys-  * 
tem  October  27,  1892,  which  provided  for  the  ultimate  disposal  of  the 
sewage  in  Wallkill  River,  with  three  main  points  of  discharge. 
Although  almost  a  decade  has  passed  tlie  system  has  not  been  laid, 
and  in  the  interim  extensive  private  sewers  have  l>eeu  laid  into  the 
Wallkill  in  defiance  of  the  Statue  authorities. 

ESOPUS   CREEK. 

A  description  of  the  drainage  area  of  Esopus  Creek  appeal's  upon 
page  63  of  Water-Supply  and  Irrigation  Pajwr  No.  (55,  and  current- 
meter  discharge  measunMiients  which  have  been  made  at  Kingston 
since  July,  1901,  are  reported  upon  pages  64  and  65  of  the  same  paper. 

On  Esopus  Creek  above  the  (rit y  of  Kingston  there  is  only  incidental 
pollution  from  a  few  small  lianilets,  the  efT<^cts  of  which  uiK)n  the  river 
are  not  important.  At  Kingston  there  is  a  system  of  sewerage,  a  part 
of  which  discharges direetly  into  tlie  stream.  Previous  to  the  installa- 
tion of  this  system  the  State  boaid  of  health  sent  its  consulting  expert. 
Professor  Brown,  to  examine  into  the  question  of  probable  results  of 
such  installation,  with  esixjeial  reference  to  its  effect  at  Saugerties, 
where  at  that  time  the  water  was  used  for  drinking  purposes  by  about 
900  mill  hands.  A  consideration  of  the  ice  industry  and  the  damage 
tliat  it  would  probably  suff(»r  by  the  installation  of  the  sewers  wiis 
included.  After  determining  the  physical  characteristics  of  the  river 
with  reference  to  its  natuial  advantages  for  assisting  Ih^  ^voe»^'e»  ^1 
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HiHliiiHmtatioii,  and  taking  into  c*c>n8ideration  the  distance  of  the  pro- 
pose^i  oiitlot  alM)ve  Saui^erties,  IYof(»88or  Brown  made  no  very  direct 
stat4^ment  of  the  probable  effect  of  Kingston's  sewage,  but  finally 
recommended  that  all  the  wewage  from  the  west  end  of  the  city  be 
dumped  into  Kondout  Creek,  where  it  would  be  conducted  mon* 
directly  to  the  Hudson.  This  suggestion  was  not  followed  when  the 
sewerage  system  was  laid,  and  the  result-s  have  been  marked  in  Esopiis 
Creek,  so  that  it  l)ecame  necessary  for  the  city  of  Kingston  to  con- 
struct a  sewage  purification  plant.  When  that  part  of  the  q^tein 
now  under  construction  has  IxHiu  completed  it  will  properly  dispose 
of  the  sewagi"  from  two  of  the  nine  wards  now  discharging  into  Eflopns 
Creek. 

CAT8KILL  CREEK. 

A  description  of  the  drain^ige  basin  of  Catskill  Creek  appears 
upon  page  01  of  Water-Supply  and  Irrigation  Paper  No.  65.  The  rec- 
ords of  current-meter  measurements  of  the  stream  at  South  Cain>, 
X.  Y.,  are  set  forth  upon  page  62  of  said  paper.  The  Catakill,  with 
its  principal  branch,  the  Kaaterskill,  is  another  of  the  western  tribu- 
taries of  the  Hudson  that  is  damaged  only  slightly  by  pollution.  Here 
and  there  are  small  villages  along  the  banks,  none  of  which  have  sew- 
erage systems,  but  which  contribute  manufacturing  wastes  and 
private-drain  sewage  in  appreciable  amounts,  yet  which  as  a  whole 
have  no  marked  effect  upon  the  character  of  the  water  Catskill,  a 
city  at  the  mouth  of  the  river,  is  the  only  large  x)lace  on  it,  and  the 
pollution  from  there  is  (tarried  ([ui(*kly  into  the  Hudson. 

Hannacrois  and  Coeyman  creeks  and  Norman  Kill  are  not  imiK)r- 
tant  from  the  standi>oint  of  pollution. 

MOHAWK    RIVER. 

This  great  west(3rn  arm  of  the  Hudson  is  nearly  as  widely  knowi 
as  the  main  river  itself.  1'1h*  valley  of  the  Mohawk  was  made  famous 
in  colonial  times  ])y  Indian  wars,  and  its  l)eauty  and  the  fertility  ol 
its  land  made  it  a  fav^ored  line  of  western  travel  along  which  Nei^ 
England  emigrants  passed  or  within  which  they  settled  according  t( 
their  tastes  and  resources.  Cities  along  the  banks  of  this  river  have 
grown  int^)  prominence,  (^specially  sinc(»  the  opening  of  the  Erie  Canal 
and  it  is  a  favored  section  of  the  country,  which  is  generally  regardec 
as  continuously  prosperous. 

Under  the  authority  of  the  United  States  Geological  Survey  anc 
the  New  Y'ork  State  engineer  and  surveyor,  the  IMohawk  has  l>eei 
studied  as  has  no  other  tributary  of  the  Hudson.  The  results  of  thii 
work  are  recorded  in  the  Twentieth  Annual  Report  of  the  Survey 
and  in  the  State  Ueiwrt  by  Edward  A.  Bond,  State  engineer,  mad( 
December  1,  1001,  entitled  Report  (hi  thc»  ineasurenient  of  the  volume 
of  streams  and  the  flow  of  water  in  the  State  of  New  York. 
Accordiufx  to  the  latter  report  tlu*  dviv\A\avtv^  awnx  v^^  U\^  Mohawk  b 
'J,4(X)  square  miles.     Results  of  measvwvMuewV^  o^  \\o>n  «C<»  «b  «X^\;\q 
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bnted  It  the  New  Tork  State  (eederdam,  4  milea  below  Sohenectai 
ntspnmed  in  the  (oUowing  diagram: 
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SimiUr  measurements  werv  made  at  Little  Falls,  Herkimer  Coun 
with  results  expressed  as  follows: 


fio.  8  —DiBcharge  ot  Mohawk  1a^ 


\- 


ITOHAWK  Bivm. 
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'  Hu  prinedpal  tribnt^ea  of  the  Muhawk  are  Schoharie  I'reek,  wiUi 
■  dndnage  area  of  974  square  miles,  Eut  Canada  Creek,  draining 
18B.7,  and  West  Canada  Creek,  the  basin  of  which  ooverB  584  square 
Mies.  This  leaves  to  tlie  main  river  and  minor  tributaries  a  drain- 
age area  of  about  1,557  square  miles.  The  centers  of  popnlation  on 
Ibe  Hohairk  proper,  from  the  point  of  view  of  pollution,  are  set  forth 
iq  Table  XVH: 

Table  XVtL—Centen  of  population  on  Mohawk  River. 


KmmaofmimkdiaUtr. 

PopnLttlon. 

Water 

Sewered 

UBO. 

uoo. 

1 

aim 

1 

....do... 

Y«.'.... 

Yei."'.... 
...do--- 
....cio... 

i::: 

T«.^. 

^                        -^ 

ggr- 

T,;:.'..... 

K^--, 

4,IBT          b.l3a 

i  1 

M« 

.^::::: 

islJw 

Theoltyof  Schenectady,  the  first  alH>v<!  CohoeH,  is  an  important 
lUDataetnring  center.  It  is  provided  witti  water  from  wells  outride 
the  city  limits,  a  new  supply  whivh  was  iustalled  when  the  city  was 


Tia.  t.—Diagnm  Bhowlug  extent  ul  pollution  at  variuUD  plaveH  Blong  Uohawlc  River. 

bliged  to  give  up  th(i  use  of  the  raw  water  from  the  Mohawk  because 
f  pollution  from  the  cities  above.     'I'hei-e  is  also  estftbliahed  a  sepa- 
nte  system  of  sewerage,  from  which,  according  to  rough  measure- 
IRR  72 — 02 i 
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inents,  thoiv  are  poiinHl  into  the  river  6,0(.)(),0C)()  gallouBof  raw  sewaj 
<lailv. 

Aiiist4.*r(laiii,  a  sliort  distance  al)ove  Schenectady,  is  alao  provid< 
with  H  He])arate  system  of  sewem^e.  The  kiuhII  villagea  of  F(i 
IIunt<*r,  Fultonville,  Fonda,  Canajoharie,  Fort  Plain,  and  Nellisti 
follow  in  the  order  statcHl,  c»ach  adding  it«  increment  to  befoul  t! 
water  of  the  Mohawk.  At  Fonda  and  Fort  Plain  thQ  sanitary  hi 
storm  sewera  pour  considerable  stowage  into  the  river,  while  at  t 
other  x>hices  there  is  only  tlie  incidental  x>ollution  common  to  nnsc 
ered  towns. 

At  St.  Johnsville  there  is  providinl  a  double  system  of  water  sii 
X)ly,  one  ]}nvt  of  wliich  is  for  domestic  purposes  and  the  other,  dra^ 
from  a  loc^il  ci*eek,  for  fire  and  domestic  purposes.  The  filtl 
impregnation  of  the  soil  is  immense,  and  the  report  of  the  secreta 
of  the  local  l>oard  of  health  states  that,  while  the  amount  of  sewa 
flowing  into  the  river  has  not  l)e<Mi  determined,  there  is  "plenty  of  ii 

Little  Falls  has  established  a  combined  system  of  sewerage,  whi 
has  b4»en  extended  throughout  the  corporate  limits.  Herkimer  has 
separate  system,  which  discharges  about  2(X),(KX)  gallons  of  rawsewa 
daily.  At  Ilion  sewei's  have  b<*en  extended  x)ractically  througho 
the  corporate^  limits,  and  from  them  al^out  :W),(XX)  gallons  are  pour 
into  the  Mohawk.  Farther  up  on  the  river  is  the  large  city  of  Uti( 
grossly  i)olluting  the  river,  and  finally  Rome,  the  sewerage  system 
which  constitutes  the  head  of  pollution. 

TRIBI'TARIKS  <»F   MOHAWK   RIVER. 

C'obleskill  is  tlie  only  important  point  of  pollution  uxKm  Schoha 
Cn^ek,  whil(»  West  and  Fast  Canada  creeks  liave  not  at  the  pres( 
time  sufficient  pollution  to  warrant  attention  here. 

The  foulest  branch  of  the  Mohawk  is  Cavadutta  Creek,  a  sin 
stream  entering  the  Mohawk  from  tlu*  north  at  Fonda.  The  nuisai 
occasioned  hy  sewage  from  Gloversville  and  Johnstown  has  been 
sutli(Ment  importan<'e  to  domand  a  sj)ecial  investigation  by  order 
the  governor  of  the  State  of  \ew  York. 

TIh^  following  extracts  are  taken  from  the  Kighteenth  Ann 
Report  of  th<»  State  Board  of  Health  of  New  York  (pp.  8o~lC)0): 

Thi*  uiHltTsii^uHl  rosidtfiits  of  tlie  rity  of  J»>lmstowii,  N.  Y.,  respet'tftilly 
to  present  to  your  Jitteiitioii  the  uiiwholesoiiie  conditiou  of  a  certain  pertioi 
this  city,  situated  alon^c  East  Main  street  and  near  the  f(K)t  of  Chase  street,  c 
sistinj;  of  low.  marshy  land,  havin>(  roniinuni('atit»n  l>y  a  small  stream  cros:- 
Chase  and  East  Main  strK'ts,  known  as  Prindle  Creek,  \Nith  Hale  Creek,  a  la 
stream  flowing  for  some  distsmce  i)arallel  to  P^ast  Main  street,  and  about  3o0  1 
dist;mt  therefrom,  and  omptyinjr  into  Sohiver's  Pond,  the  waters  of  which  f 
into  (^avadutta  Cret^k  and  thence  into  the  Mohawk  River  at  Fonda,  N.  It 
miles  to  the  scmth.  Into  this  hK-ality  and  into  the  said  Prindle  Creek— the  wal 
of  which  are  very  low  dnrinjr  the  summer  seas<»n  at  the  ]M»iTit  where  said  or 
crosses  East  Main  street — empties  a  st^wer  about  ]'2  inches  in  diameter,  nmn 
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s  portiosi  of  SMt  ICain  rtreet  wert  of  said  Prindla  Greeic,  which  oaawejB 
tnua  the  hoofles  along  that  portion  of  Bast  Main  street  and  from  the 
[koMB  along  that  portion  of  Fon  Clair  street,  which  intersects  East  Main  street, 
bdng  ahont  85  in  nmnber.  Into  Hale  Creek,  a  short  distance  to  the  northwest, 
ad  at  a  point  within  200  feet  of  the  residences  along  said  East  Main  street, 
flmpties  another  sewer  of  the  same  size,  which  conveys  sewage  from  the  houses 
■id  bnsinesB  places  along  the  remaining  portion  of  East  Main  street  west  of 
Prisdle  Creek,  and  from  the  hooses  on  Olebe  and  a  portion  of  East  State  street, 
wldch  intersect  said  East  Main  street,  in  all  being  about  100  in  nnmber.  These 
•BweiB  haye  been  laid  a  nmnber  of  years,  and  their  outflow  has  been  recognised 
\  ad  prcmoonced  by  the  local  board  of  health  to  be  a  public  nuisance,  and  orders 
kve  been  issued  by  said  board  for  the  abatement  of  the  nuisance.  Into  said 
ftmdle  Creek  and  the  territory  aforesaid  at  or  near  Chase  street  also  empties  a 
mrer  pipe  about  14  inches  in  diameter,  running  through  Chase  street  and  other 
itreets  to  the  south  thereof,  and  which  conveys  the  sewage  from  the  houses  on 
Prospect  street,  Whitmore  avenue,  East  Clinton,  Cady,  and  East  Montgomery 
itreets,  a  part  of  East  State  street,  and  a  part  of  Fon  Clair  street.  The  three 
nwers  mentioned  convey  all  the  sewage  from  the  houses  and  business  places  in 
the  acmtheastem  portion  of  the  city,  comprising  in  all  about  500  in  number.  The 
oatlet  of  the  said  Chase  street  sewer  is  within  400  feet  of  the  public  school  on 
£Mt  State  street,  at  which  there  is  a  daily  attendance  of  about  300  pupils. 

The  condition  of  affairs  in  this  i)ortion  of  the  city  has  been  freciuently,  during 
the  past  two  years,  called  to  the  attention  of  the  local  board  of  health  and  the 
eominon  council  of  the  city,  as  the  extracts  from  their  minutes  of  proceedings 
hoeto  annexed  and  made  a  part  of  this  petition  will  show,  and  although  they 
haye  frequently  taken  the  matter  into  consideration,  no  steps  have  been  taken  to 
correct  or  abate  the  nuisance  and  relieve  the  residents  of  that  portion  of  the  city. 
The  territory  in  the  neighborhood  where  these  sewer  deposits  are  made  is 
nirronnded  by  residences  of  the  better  clasH,  most  of  them  recently  hnilt,  and 
those  along  East  Main  street,  east  of  the  Prindle  Creek,  which  number  thirty-five, 
have  thus  far  been  unable  to  get  any  sewerage,  lx*cau8e  it  is  alleged  that  the  bed 
of  the  Prindle  Creek  is  not  low  enough  to  permit  of  sewering  into  that  stream, 
and  the  local  authorities  have  thus  far  refused  to  provide  any  other  method. 

In  this  connection  it  may  be  well  to  state  that  all  the  sewage  of  the  city  of 

Oloversville, and  most  of  that  of  the  city  of  Johnstown,  is  discharged,  directly  or 

indirectly,  into  the  Cayadutta  Creek,  and  thence  into  the  Mohawk  River  at  Fonda, 

without  being  treated,  and  it  has  bt»en  suggested  that  the  territory  referred  to  in 

this  petition  can  be  properly  sower(Kl  liy  a  pipe  running  through  the  bed  of  Schri- 

^ers  Pond  into  Cayadutta  Creek,  and  it  is  apimrent  that  no  special  harm  will 

come  from  this  additional  (quantity  of  sewage  thus  disposed  of.    The  undersigned, 

who  live  within  the  pernicious  influence  of  this  nuisance,  whicli  is  admitted  to 

be  a  nuisance  by  the  local  authorities,  respectfully  represent  that  the  situation 

demands  immediate  action,  that  a  loathsome  stench  pervades  the  locality  under 

certain  conditions  of  tempfjrature,  and  that  already,  during  the  hot  weather  of  this 

summer,  this  stench  has  been  prevalent.     Sickness  has  ot^curred  which  has  l)een 

attributed  by  physicians  to  this  cause.    The  nuisance  increases  in  gra\ity  every 

year,  while  the  sewage  more  deeply  imiiregnates  and  iK)llutes  the  soil. 

The  undersigned  beg  your  excellency  to  lay  the  matter  before  the  State  board 
of  health  with  instructions  to,  investigate  it  and  adopt  such  measures  as  shall 
without  delay  put  an  end  to  this  nuisance.  Efforts  have  been  made  for  two  years 
past  without  avail  to  accomi)lish  this  object,  and  we  appeal  to  your  authority  to 
set  in  motion  the  measures  which  shall  promptly  relieve  us  of  a  distressing  and 
dangerous  pest. 
[Signed  by  thirty-eight  residents  of  Johnstown,  N.  Y.] 
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The  report  of  Dr.  F.  C.  Curtis,  consulting  expert,  who  went  to   ,^ 
inveHtigate  the  conditionn  alleged  in  the  above  petition,  is  as  followB: 

Johnstown  is  sapplied  with  Hewera  which  provide  for  the  honae  waste  of  a 
conidderable  portion  of  the  city,  all  emptying  into  Cayadntta  Creek.    East  Main 
street,  referred  to  in  the  iietitiou,  \h  a  coiitintiation  of  Main  street  into  a  more 
recently  bnilt  part  of  the  city.    The  topography  is  snch  that  it  is  impossible  for  a 
sewer  from  this  section  to  connect  with  already  existing  sewers,  as  it  ties  at 
a  considerably  lower  level.    East  Main  street,  which  is  bnilt  np  with  detached 
residences  of  a  good  class  for  some  distance,  has  no  sewerage  ontlet,  the  residenow 
depending  upon  cessixxils  for  their  waste.    To  the  southeast  of  this  street  the 
ground  rises  rather  abruptly,  and  several  streets,  more  or  less  built  up,  are  laid 
out  upon  it.    Coming  down  from  this  territory  is  a  small  stream.  Prindle  Creek, 
which  traverses  East  Main  street  obliciuely  and  flows  across  low  meadows  to 
Cayadutta  Creek,  or,  rather,  in  its  course,  through  S(*hrivers  Pond.    This  is  the 
natural  drainage  mediimi  for  the  southeastern  area  of  the  city.    The  stream  as  I 
saw  it,  after  pn)longed  rain,  was  a  considerable  one,  but  it  soon  dwindles  to  a  very 
moderate  flow  of  perhaps  10  gallons  i)er  second.    Just  before  it  reaches  East  Main 
street  it  crosses  Chase  street,  which  extends  up  the  abrupt  hillside  for  a  few 
blocks  and  terminates  at  the  bottom,  as  do  all  its  parallel  streets,  in  East  Main 
street.    In  this  Chase  street  is  a  recently  laid  12-inch  tile  sewer  which  collects 
and  carries  off  the  sewage  not  only  of  Chase  street,  ])ut  of  a  number  of  lateral 
streets  which  branch  into  it.    This  sewer,  with  no  provision  for  flushing  it, 
terminates  beneath  a  small  bridge  in  the  little  stream,  and  as  the  volume  of  this 
stream  is  inadequate  to  carry  away  the  sewage  thus  turned  into  it,  this  deposLts 
directly  at  the  sewer  outlet  and  along  its  course,  especially  in  the  low  meadow 
land  on  the  other  side  of  East  Main  street.    It  becomes  a  tortuous,  uneven,  open 
sewer,  and  by  means  of  its  iiuproper  use  a  serious  nuisance,  inevitably  filling  the 
surrf)undiiig  atmosphere  with  offensive  and  unwholesome  odors.    There  is  no 
(luestion  of  this,  from  my  own  observation,  nor  on  the  i>art  of  the  health  officer 
and  citizens  with  whom  I  conferroil. 

In  the  Nineteenth  Annual  Report  of  the  State  J^oanl  of  Health 
(pp.  74-70)  Prof.  Olin  II.  Landreth,  who  was  engaged  by  the  city 
of  Johnstown  to  investigate  the  matter,  ropoii:s  in  part  as  follows: 

The  only  manufacturing  waste  of  sufficient  amount  U)  warrant  consideration  in 
conjunction  with  the  matter  of  sewage  is  the  tannery  and  leather-dressing  waste 
and  refuse.  Tliere  are  at  least  IS  establishments  in  the  city  engaged  in  this 
business,  employing  in  the  aggregate  about  750  men  when  in  ordinary  operation. 

Returns  were  duly  received  from  tlu^  majority  of  the  concerns,  representing 
over  two-thirds  of  the  t4>tal  nuui)x»r  of  men  t^mploye<l  and  three-fourths  of  the 
tot^il  output,  and  means  were  taken  to  secure  th*'  best  estimates  jKtssible  for  the 
remainder  of  the  plants.  The  aggregate  exliibit  for  all  the  plants  representing 
those  covered  l^y  both  returns  and  estimates  is  as  follows: 

Number  of  men  employed  . -     746 

Weight  of  hides  jior  annum  .....   .   pounds . .  5,  (KK),  000 

Gallons  of  water  per  diem -     150. 000 

Weight  of  lime  per  annmn lK)nnds  725, 000 

Weight  of  alum  per  annum    .. do  230.000 

Weight  of  salt  per  annum  ....  do     .  1 ,  500. 000 

Weight  of  oil  \itrir)l dn  45, 000 

Weight  of  (H)piK'ras  per  annum  tlo  fj.  000 

Weight  of  bluestone  per  annum - do 000 
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Wflj^  of  ninriftUo  add ponnds.  4,000 

WrigU  of  flodft  aah do...  80,000 

Wfliillit  of  liyposnlpliate  Boda do....  18,000 

Wcfghfe  of  biclizoiiiate  potash do....  19,000 

Wflli^  of  fidi  oDs do....  500,000 

Wflli^of  floor do....  100,000 

Wflli^  of  logwood do....  1,500.000 

Wflli^  of  Braafl  wood do....  21,000 

Wdfglift  of  fustic -.. do...  890,000 

Wflifl^  of  hypernic do...  110,000 

Wflli^  of  qnerdtnm do....  98,000 

Wdfglift  of  gamUor .do....  500,000 

Weight  of  aniliiiea do..  .  1,000 

Wflli^  of  lactic  acid do....  1,100 

Weight  of  sal  toda do....  15,000 

Weight  of  alder  wood - do....  7,000 

Weii^t  of  egg  yolk do....  105,000 

Accurate  statistics  of  the  amonnt  of  leather  prodnced  from  the  hides  could  not 
beobtaiiied,  but  from  estimates  made  by  several  individtiaLs  conyersant  with  the 
bosiiiesB  it  is  safe  to  conclude  that  the  weight  of  leather,  independent  of  the 
msteriala  which  it  finally  contains  as  filling  and  coloring  niatter,  is  less  than  one- 
bilf  the  wei^^t  of  the  hides  nsed,  indicating  abont  8,000,000  pounds  per  annum 
of  rafose  ygHiwal  matter,  chemical  preservatives,  and  filth.  Certain  xx>rtions  of 
tids  refnae  material  are  preserved  for  ntilization  as  by-prodncts,  but  there  is  good 
gnmnd  tat  the  estimate  that  not  less  than  one-third  of  the  above  amount,  or 
1,000,000  poonds,  and  quite  possibly  2,000,000  pounds,  of  the  most  offensive  parts 
of  this  refuse  from  the  hides  is  discharged  into  the  creek.  The  returns  show  that 
of  the  water  used  by  the  tanneries  less  than  1  per  cent  is  taken  from  the  city 
supply,  the  remainder  being  about  equally  divided  between  creek  water  and  deep- 
well  water. 

Of  the  chemicals  tabulated,  it  is  not  to  be  inferred  that  all  pass  into  the  creek, 
nor  that  all  that  does  pass  enters  the  creek  in  the  chemical  form  in  which  they 
are  tabulated.  A  considerable  portion  of  the  chemical  and  coloring  matter  used 
is  carried  away  in  the  leather,  and  much  of  what  remains  undergoes  neutraliza- 
tion and  other  chemical  changes  before  entering  the  creek,  and  also  to  some  extent 
after  entering  the  creek,  as  not  all  the  establishments  employ  the  same  methods 
and  chemicals  nor  discharge  their  refuse  at  the  same  time.  The  coloring  and 
filling  materials  are  largely  retained  in  the  leather,  while  smaller  proportions  of 
the  active  chemicals  in  the  aggregate  are  ho  retained,  and  this  latter  class  of  mate- 
rials forms  the  larger  ]X)rtion  of  the  whole.  Of  the  5,800.000  pounds  of  chemicals 
and  other  materials  tised,  not  iiu^lndiiiK  the  hides,  my  inquiries  and  study  of  the 
question  lead  to  the  conclusion  thiit  not  less  tlian  8,000,000  pounds  are  discharged 
after  use  into  the  stream  either  in  solution  or  8us|)ension  (except  as  to  the  spent 
time),  widely  changed  or  neutralized,  highly  iK)lluted  and  diluted.  If  to  this  we 
added  1,500,000  pounds  per  annum  refuse  from  hides,  estimated  alwve.the  aggre- 
gate of  animal  refuse,  chemical,  coloring  matter,  etc.,  discharges  into  the  creek, 
independently  of  the  wat<»r  with  which  it  is  diluted,  will  he  4,500.000  pounds  per 
annum,  or  15,000  pounds  'per  working  day. 

The  general  effect  of  pollution  in  the  Mohawk  and  Hudson,  from 
Rome  to  Albany,  lias  beiMi  carefully  studied  by  Prof.  C.  C.  Brown 
and  Dr.  Theobahl  Smith,  under  the  authority  of  the  State  l)oard  of 
health,  and  a  stat^ementof  tlie  n^sults  is  made  in  tln^  reports  forlS02 
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and  1893,  pages  531-547  and  G80-736,  respectively.     Chemical  exami- 
nations of  wat^r  from  Hudson  and  Mohawk  rivers  through  Schenectady 
to  Cohoes  wen^  mmle  by   Prof.  William  P.  Mason  and  Willis  6. 
Tucker,   while  the  biological  and  engineering  work  was  under  the 
charge  of  Messrs.  Smith  and  Brown,  respectively. 

The  iuvestigaticm  shows  in  a  striking  manner  the  effect  of  pollution 
upon  the  wat<^rs  of  the  Mohawk.  Starting  above  Rome,  where  the 
water  is  practically  normal  both  from  a  (^hemienl  and  bacteriological 
standpoint,  t  he  samples  taken  at  different  points  along  the  river  to 
the  mouth  show  greater  or  less  pollution  aecoixling  as  the  points  from 
which  thev  wert»  taken  wen»  near  to  or  some  distance  below  the  out- 
let«  of  8c^wei*s  of  the  different  cities.  By  way  of  illustration,  the  series 
of  clu^mieal  analyses  made  by  Prof.  William  P.  Mason  is  reproduced 
in  TabUi  XVIll,  taken  from  the  Twelfth  Annual  Rei)ort  of  the  State 
Boanl  of  Health  of  New  York,  pages  544-545. 
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:*i.  (i  (eiuit  shore  1  (  fltMxl  1 

.25 

(UK) 

(Km 

.(K>7() 

.(J216 

.610 

:ir.  AltMinv  intake  (HckkI' 

.25 

.(KKM) 

.(Km 

.0075 

.0186 

.Ol« 

.>.    \l  (fl<MMl) 

.:«» 

.0001 

.(Km 

.0120 

.uaU5 

.006 

:«♦.  1  (fl(»odi 

.25 

(/M 

.(Km 

.0110 

.0186 

.605 

4(1.  J  (fl(MKi) 

.:«> 

.(M« 

(MW:; 

.0120 

.0170 

.610 

41.  K  (floo<l. 

.:«» 

./'> 

.(KJS2 

.0125 

.0170 

.(iK5 

42.  L,  Van  Wies  Ptiint  ( Hood  • 

.;«) 

.''. 

.(KK2 

(KKd) 

.0166 

.64:» 

"Lo^t. 

''Trartv 

•   I 

jiir\;v  tra« 

•«• 

1 


MOHAWK  BIVXB. 


65 


With  even  more  striking  cleamess  does  the  record  of  numerical 
detorminations  of  bacteria  along  the  river  show  the  compromising 
elfeet  of  pollution,  and  the  positive  tests  for  fecal  bacteria  to  which 
tlie  water  was  submitted  by  Dr.  Theobald  Smith  make  it  unques- 
tionably  certain  that  waters  polluted  by  domestic  sewage  retain  the 
effects  of  fecal  pollution,  even  beyond  the  point  at  which  sanitary 
amdysis  would  show  an  unpolluted  stream. 

Table  XIX,  which  gives  the  results  of  numerical  determinations  (m 
the  Mohawk  River,  is  taken  from  the  same  report  as  Table  XVIII. 

Tablb  XDi,^PoUuHon  of  the  Mohawk  River  by  bacteria,  1891, 


Dito. 


J«l7». 


Do.. 


Do. 
Do. 


Do. 
Do. 
Do. 


Do.... 

AngiHit  6. 
Do.... 


Do. 
Do. 


Jnl7  81... 
Aoffiist  6. 
July  81... 
August  6. 
August  7. 


Do. 

Do. 

Do. 
Do. 


Do 

AogDst  11. 


Do. 
Do. 


Do.... 
Do. 


▲ngust  12. 


Angust  8 

Do I 

Do I 

Do ; 


Do. 
Do. 


Time. 


7.00  p.m. 

8.0Dp.m. 
8.4fta.m. 

10.16  a.m. 
11.00  a.m. 


Number 
of  bac- 
teria 

per  c.  c. 


• 

7 
8 

11. 26  a.  m 

11.80  a.  m 

aOOp.m 

9 

4.56  p.  m 

17 

9a.m.  to 
S.  87  p.m. 

18 

2.56p.m 

20 
19 

8.60p.m 
8.80p.m 

Ifi 
21 
16 

88 

2.86p.m 
6.40p.m 
4.80p.m 
6.16p.m 
10. 00  a.  m 

84 

12. 10  p.  m 

86 

2.fi6p.m 

86 
27 

8.06p.m 
8. 15  p.  m 

88 

10. 15  a.  m 

29 

10. 55  a.  m 

80 

11. 80  a.  m 

81 

1.15pm 

82 
88 

2.a6p.m 
11. 85  a.  m 
12.50p.m 

36 
8B 

2. 15  p. m 
S.OOp  m 

87 
88 
40 
41 
42 
48 

4.50p.m 

s.aop.m 

9.20  a.  m 
2.25p.in 
2. 31)  p.  in 
2.:«p.in 

765 

478 
1,400 

82,408 

4,  aw 

1,006 
1.806 
1.106 

1,982 


Average  of— 


Samples. 


1 
1 

1 
1 

1 
1 
1 


1,608 

4.S7  I 

298  ! 
787  I 

877  I 

10,800  I 
10,007  ' 

9,533 

660 

412 
517 

3,146 

;i473 

1.H53 

I  «« 

83:i 
ri96 

273 

560 
H72 

164 

2,288 

:i06 


(n) 


Plates. 


2 
2 

2 
2 

2 
2 
2 


2 
2 


4 
1 


2 
2 

2 

1 

2 

2 

3 
1 

1 
1 

1 

2 

1 
1 


Bemarkn. 


Rome  water  workn  dam, 
above  city. 

Below  feeder  dam  at  Rome. 

Above  Utica;  below  bone 
works 

Below  Utica  sewers. 

Opposite  Masonic  Home,  2 
iniles  below  Utica. 

Abont  4  miles  below  Utica. 

About  4i  miles  below  Utica. 

Frankfort,  above  New  York 
Central  station. 

Ilion.  below  New  York  Cen- 
tral station. 

Water  roily  from  rain. 

Opposite  canal  lock  at  Mo- 

nawk. 
Opposite  Herkimer  at  lower 

bridge. 
West  Canada  Creek. 
One-balf  mile  below  month 

of  West  Canada  Creek. 

State  dam  above  Little  Falls. 

/Just  below  foot  of  falls,  Llt- 
t    tie  Falls. 
About  li  miles  below  Little 

Fall8.b 
State  dam,  5  miles  below  Lit- 
tle Falls. 
Above  mouth  of  EsHt  Canada 

Creek. 
East  Canada  Creek. 
Twenty  rods  below  month  of 

East  Canada  Creek. 
St.  Johnsville,  below  creek 

draining  village. 
One-half    mile    below   St. 

Johnsville,  below  rapids. 
Three  miles  below  St.  Johns- 
ville. 
,  About  2  miles  above   Fort 
I     Plain. 

(Fort  Plain,  above  New  York 
it    Central  station. 
One  mile  above  Palatine 
bridge. 
I  .lust  alx)ve  Palatine  bridge. 
I  Three-fourths  of  a  mile  be- 
I     low  Palatine  bridge. 
j  At  Sprakers,  alx)ve  rapids. 

rhree-flfths  of  u  mil(»  iwlow 
Sprakers,  l)elow  rapids. 
I  Above  Cayadutta  Creek. 
I  Cayadutta  Creek. 
I  One-half   mile  below  Caya- 
I     dutta  Creek. 
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Table  XIX.— Po/Ztifton  of  the  Mohawk  River  by  bacteria,  J891~-C(mimxi 


Date. 


August  12. 


Do 

August  U. 
August  12. 
August  U. 

Do!,'"! 

Do 

Do 

Do 


Do. 

Do. 
Do. 

Do. 


•Do 

AnflTOBt  15. 


igUBt 


Do. 
Do. 
Do. 
Do. 
Do. 


Do 

AoKUSt  17. 


Do. 
Do. 


Angnst  15. 
August  17. 


Do. 
Do. 
Do. 

Do. 
Do. 


Do. 
Do. 


Time. 


2.40  p.m. 


*  Number 
'  of  bac- 
teria 
per  c.  c. 

416 


45 

47 
46 
48 
49 
60 
51 
52 
58 

54 

55 

56 


5.2Dp.m. 
12.40  p.m. 

5.45  p.m. 
12.65p.m. 

8.111p.m. 

8. 80p.m. 

4.25  p.m. 

4.50p.m. 

4.58  p.m. 

5.0Bp.m. 

5.18  p.m. 
6.20  p.m. 


67  I    6.80p.m. 


58 
5B 
60 

61 

62 

68 

64 

65 


66 

68 
00 

70 
71 


7.00  p.m. 
9.00  a.m. 
9.20  a.m. 

11.20a.m. 

11.45  a.m. 

1.50  p.m. 

2.35  p.m. 

4.fl0p.m. 


} 


\ 


4.45p.m 

10. 45a.  m j 

ll.ODa.m 


11.05a.m. 
11. 10a.m. 


07 
72 
73 

74 

75 

76 


J 


4.5r>p.m \ 

ll.aOa.m 

11.21  a.m 


11.22  a.m. 

11.25  a.m. 

1.80p.m. 


I 


78 


79 

80 


1.50p.m. 
2. 00  p.m. 


8.80p.m. 
4.10p.m. 


51 

881 

276 

281 

12.080 

11,765 

5,408 

6,562 
2,904 

9,812 


6,060 
1,104 

1,084 
710 
448 
666 

1,634 

791 
444 

7,276 
3,8H6 

1,145 
440 

4:j2 

H12 

IWS 

2W 
4'M 


206 
21« 


2 

4 

2 

4 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

1 

2 

2 

2 

2 

2 

1 

2 

2 

4 

2 

2 
2 

Q 

4 

2 

0* 

9^ 

2 

2 

•> 

^10 

2 
2 

Three-fourths  of  a  m 
low  Cavadutta  Crec 
low  rapids,  Fonda,  ax 
touTlUe. 

Abore  Schoharie  Oee 

Schoharie  Creek. 

Opposite  Akin  station 
One-half  mile  below 
Just  aboTe  Amsterdai 
Chuctanunda  Oeek. 
Opposite    Wendell's 

warehouse,  Amsten 
Opposite  Armour's 

nonsBL  Amsterdam. 
Just  hmw  Amsterda 
One-half  milebelowlj 

in  Amsterdam. 
One  mile  below  last 

Amsterdam,  near  gj 

dump. 
/Opposite  Cranes  Tillag 
\    ing  sewage. 
One  mile  below  Cnu 

lage. 
One-fourth  of  a  mile 

Holfman^s  ferry. 
One  and  one-fourth  of 

below  Hoffman's  fer 
Above   Fitch  burg   R 

bridge. 
Three    and    one-lialf 

abore  SchenectadT. 
One-fourth  of  a  mile 

Van  Slykes  Island, 

Schenectady. 
(Above  Glenville   bi 
I    Schenectady. 
BinnekiU  Branch  abo 

Ron  sewer. 
Mill  Creek. 
Binnekiil  Branch  bel( 

son  sewer  and  Mill 
/Opposite  waterworks 
\    take. 
Oppoeite  waterworks 

side  of  channel 
Above   New   York   < 


bridge,  oppoeite  Ice 
Below   New    York    ( 

bndffe,  opposite  ice 
Two    oanarHl    feet 

eewer  outlet;  pond 

gish  current. 
Above  Delawsre  am 

son  Railroad  bridse 
Below  Delaware  and  i 

Railroad  bridge,  o- 

ice  house. 
One  mile  above  aqued 
Aqueduct  dam. 


a  Rejected.  b  Garbage  dump,  thrt>o-fourth8  mile  above  the  locality  of  thia  samp 

Note.— Accidents  hapi>ened  to  samplen  below  the  aqueduct,  and  reliable  results  w* 
obtained. 


Table  XX  gives  the  results  of  tests  made  to  determine  the  prei 
of  fecal  bacteria  at  the  Albany  wati^'  intake,  together  with  the 
number  of  bacteria  in  the  samples. 


MOHAWK  BIVBB. 
TABUt  XX.— MImMom  by  baeteria  of  water  at  AStany  water  intakt. 


A  furtfaer  invefrtagation  of  the  water  snpply  of  Suhenectaily  includea 
the  determination  of  fecsl  bacteria,  with  special  reference  to  BaciUua 
eoU  eommuni,  the  organism  which  is  closely  idontiHed  with  intestinal 
contenta.  The  localities  fmm  which  the  sainpluK  were  taken  are  dif- 
ferent, oonTenient,  and  favorable  pointB  along  the  Mohawk  Iwtween 
Amsterdam  and  Schenectady.  I'able  XXI  gives  the  resultM  nf  tboNe 
investigations,  taken  from  the  Thirteenth  Annual  Report  of  the  State 
Board  of  Heaitb  of  New  Tork,  pages  731-732. 

Tabu  B  »' — Determination  of  fecal  bacteria  in  Mohawk  leater  between  Anuter- 
dam  and  Schsnectady. 


{The cotnmii  "Number liacteHa"  gives  the  una 
mtiluxl.  The  colnmti  "Number  i»>li"  kIvsh  thu 
ajmnn  ''Mnmbei  teckl  bttcterln"  Kires  the  totAl 


ibcr  of  hw^tertB  obtafaied  bf  the  gelBHo-plBtiB 


DECEMBER  111— FIRHT  RET. 


Nnrober  Nnmber 


Seoondlock 

Below  Snt  rapids 

BfKi  Van  SlySes  Islaiid. . 

Below  Suidera'i  liouae 

iboTe  alenTille  brid^.. 


DECF.MBER  H.    SECOND  SET. 


BdlOGk 

vflntlsiddH _. 

1  Vu  ffirkM  iBkuid  . 
w  BmOm'n  bouse. . . 
r«  QlaiiTlUa  brldso. . . 


.TAXrARY  14. -THIRD  MET. 


Oppcaite  Akin,  aonth  xidu  • 


58 


SKWAOE   POLLUTION    NEAR   NKW    YORK    CITY. 


firo.?t 


JANUARY  «!.-  THIRD  SET. 


Ijtx'tiWty. 


!  Number  I  Nhmber  i  ^iSf 


'  bacteria. 


I 


At  Cranes  Tillage I  12.000 

One  and  one-balf  milen  below  CraneB  rillatfe i  16,000 

At  HoffmanH  ferry I  ».0fJ0 

One  and  one-balf  mileH  below  HoffmanH  ferry W.Oil) 


JANUARY  a«.    THIRD  BET. 


ooU. 

b«:tm. 

8 

t 

IB 

11 

18 

tt 

18 

IT 

At  Fitcbburg  railroad  bridge 

At  second  lock 

Half  way  from  8anders*B  bouoe  to  (i^lenville  bridge. 

Eight  bnndred  feet  above  Olenville  bridge 

Intake  of  watorworka 


18,000 
17.000 
80,000 
14,000 
18,000 


25 
18 


18 
18 


19 
18 


SCHENECrrADY  INTAKE.-  DECEMBER  24. 


7.15  a.  m 

1 

8,700 
ft.900 
4,900  1 

28 
12 
81 

n 

ll.:«>a.m 

If 

4.(N)p.  m - 

9 

'J'he  work  outlined  above  was  done  in  th(»  early  years  of  the  last 
decade,  when  the  seienee  of  bacteriology  was  still  in  its  infancy. 
Since  that  time  improved  ine1ho<ls  have  shown  that  the  bacteria  isolated 
by  Dr.  Smitli's  famous  process  are  not  necessarily  all  fecal  bacteria, 
but  that  there  are  oth(^r  forms  which  respond  to  the  same  test.  This 
does  not  redure  th(»  weight  of  Dr.  Smith's  conclusions  in  the  above 
case,  however;  for,  taking  into  consideration  the  circumstances  and 
conditions  atteinling,  thn-e  is  good  r(»ason  to  lM»lieve  that  the  greater 
part,  if  not  all,  of  the  organisms  isolated  by  Dr.  Smith  wen^  true  fecal 
ba(*teria. 

ANTHONY    KILL. 

Running  in  a  general  westc^rly  direct  ion  from  Hallston  Lake,  through 
Hound  Lake,  Antlionv  Kill  enters  the  Hudson  at  Mechanicville. 
Aside  from  th(^  pollution  that  it  receives  from  this  village  alx)ve  the 
conllu(»nce  with  the  Hudson,  the  (mly  polluting  area  of  importance  is 
the  camp-nn^eting  settlemcMit  on  th(^  west<M'!i  border  of  Round  Jjike, 
and  this  has  be(»n  ren<lered  innocuous  bv  the  establishment  of  verv 
satisfactory  sewag<»  precipitation  works,  <h\scribed  on  page  371  of 
Stowage  Disposal  in  th<»  lTnit(»d  Statics,  by  Messrs.  Rafter  and  Haker. 
The  pcM'manent  population  of  Round  Lake  is  stated  as  about  4(H), 
and  in  summer,  during  some  days,  there  are  7,000  people  on  the 
grounds.  The  source  of  water  supply  is  Round  Lake,  and  into  this 
pond  the  puritied  .si^wagi*  is  discharged,  but  apparently  without  appre- 
ciable (effect  upon  the  water. 

KISH  ('Kp:ek. 


p]ntering  the  Hudson  at  Schuylerville  is  Fish  Cre(»k,  which  takes  a 
V(My  irregular  northwesterly  trend  from  Saratoga  Lake.     The  country 
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ibont  the  lake  is  of  wide  repute,  having  been  at  one  time  ixrobably 
he  most  famous  resort  in  the  East,  and  is  still  holding  its  own  with 
sost  of  the  watering  places  in  the  United  States. 
Saratoga  Springs,  with  a  permanent  population  of  12,409,  and 
Ulston  Spa,  a  village  of  3,923  inhabitants,  are  situate<l  within  the 
tiainage  area  of  Saratoga  Lake.  Both  municipalities  are  supplied 
rith  sewerage  systems,  and  the  extensive  pollution  of  the  lake  is  aecu- 
ately  described  in  a  petition  to  the  governor  of  the  St-ate  of  New 
fork,  signed  by  various  residents  of  Saratoga  County,  from  which 
he  following  extracts  are  taken : 

Hie  petitkni  of  the  undenigned  residentfl  of  the  comity  of  Saratoga  reBpectfolly 
dnfWB  as  foUowe:  That  Saratoga  Lake  in  said  comity  is  about  5  miles  long  and 
iboat  d  miles  wide,  and  is  about  4  miles  from  the  village  of  Ballston  Spa  and 
9uatoga  Springs,  and  that  Saratoga  Springs  is  a  summer  resort,  visited  by  thou- 
■nds  of  tourists  every  summer,  and  to  Saratoga  Lake  is  the  chief  drive  and  resort; 
yat  said  lake  has  been  for  a  great  many  years  a  prominent  and  attractive  resort 
for  fishing,  hunting,  and  boating,  and  for  the  past  few  years  offensive  odors  have 
•riND  from  the  waters  in  the  said  lake  near  the  shores,  causing  annoyance  and 
Ineding  disease;  that  large  numbers  of  fish  have  })een  picked  up  dead  along  the 
dioies  of  the  lake,  and  the  shores  thereof  in  certain  portions  are  covered  with 
iOtfay  and  nozions  material,  offensive  to  the  eye  and  giving  out  offensive  odors; 
thit  in  the  opinion  of  your  petitioners,  unless  measures  are  taken  to  prevent  the 
defilement  of  said  lake,  and  its  condition  continues  to  grow  worse,  all  the  fish  in 
the  lake  will  be  killed,  and  people  wiU  cease  to  occupy  cottages  on  the  shores,  and 
t  wiU  cease  to  be  attractive  as  a  summer  resort. 

That  the  causes  of  defilement  of  the  waters  of  the  lake  are  various;  that  they 
>roceed  from  the  discharge  of  the  sewage  of  the  villages  of  Saratoga  Springs 
md  Ballston  Spa  into  said  lake,  and  from  the  discharge  into  said  lake  of 
hemicals  and  refuse  from  certain  niannfactnring  establishments  located  in  or 
ear  the  village  of  Ballston  Spa. 

[Signed  by  81  residents  of  the  county  of  Saratoga.  ]  ^' 

The  extent  to  whicli  Fish  Creek  iH  affected  by  pollution  is  so  far 
ndetermined.  It  is  probable  that  the  actual  damage  in  the  stream 
*  far  less  than  in  the  lake,  due,  of  coui*8e,  to  sedimentation.  The 
eport  of  Professor  Landreth,  made  in  response  to  the  al>ove  petition, 
ecognizes  the  importance  of  the  offense  and  recommends  that  judicial 
roceedings  be  prosecuted  to  ascertain  the  exact  amount  of  nuisance, 
nd  the  responsibility  therefor. 

As  a  result  of  the  action  above  outlined,  the  sewage-disposal  sys- 
ems  of  Saratoga  Springs  and  Hallston  Spa  have  been  condemned  and 
ewage  purification  must  be  establislied  by  both  municipalities. 

Victory  Mills,  a  village  of  71)5  inhabitants,  is  situated  upon  the 
reek  a  short  distance  above  Schuvlerville.  It  has  no  water  nor  sew- 
rage  system,  and  contributes  an  inappreciable  amount  of  pollution  to 
he  river. 

a  Nineteenth  Annual  Rei)ort  of  State  Boartl  of  Health  of  Now  York,  p.  KIT. 
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DAMAGE  TO  WATER  RESOURCES  OP  HUDSON    RIVER  SYSTEM  BY 

POLLUTION. 

It  18  not  possible  to  estinmte,  with  any  considerable  degree  of  aoei* 
racy,  the  amount  of  damage  that  has  been  done  to  the  Hudson  Riw : 
system  by  sewage  pollution.  This  is  true,  not  because  such  damagi  | 
is  of  incalculable  extent  nor  l>ecause  there  is  a  lack  of  data,  but  by  rea- 
son of  the  fact  that  there  are  so  many  features  to  be  considered  in  thlB 
large  ai*ea,  and  so  many  modifying  conditions,  that  deductions  nuut 
be  drawn  simultaneously  from  many  different  points  of  view  and  the 
resulting  composite  conclusions  must  ever  be  to  a  large  degree  modi- 
fied bj'  ijersonal  opinion.  If  we  survey  the  different  tributaries  and 
note  the  points  of  contamination  and  the  extent  thereof  we  shall  very 
soon  realize  that  in  nearly  every  stream  there  is  such  enormous  dilu- 
tion and  so  many  opportunities  for  sedimentation  that,  taken  individ- 
ually, there  is  liardly  an}'  i*eason  to  believe  that  any  material  damage 
has  been  done,  (roing  further,  wo  look  for  the  results  of  the  concen- 
tration of  all  this  sewage  into  a  main  water  course,  and  find  that  that 
course  is  the  middle  section  of  the  Hudson,  which,  as  has  already  been 
stated,  is  of  more  value  to  the  State  of  New  York  in  it«  present  con- 
taminated condition  than  if  regulations  were  enforce  which  wonld 
maintain  its  purity. 

Summing  up  the  total  amount  of  raw  sewage  emptying  into  the  river 
system,  and  taking  into  account  the  vast  number  of  people  living  in 
cities  along  its  banks,  it  would  appear  that  the  pollution  is  sufficient 
to  entirely  destroy  the  value  of  tlie  water  course  and  make  the  sur- 
rounding country  an  undesirable  locality  for  many  purposes;  yet  when 
consideration  is  taken  of  tlie  fact  that  the  amount  of  run-oif  water  in 
this  basin  is  sufficiently  large  to  dilate  this  sewage  so  that  in  places  it 
almost  escapes  detection,  the*  actual  damage  done  api)ears  to  be  greatly 
modified,  or,  in  the  opinion  of  many,  it  becomes  almost  nil.  This  very 
question  opens  all  the  (*outested  points  concerning  the  amount  or  per- 
centage of  pollution  within  the  safety  limit ;  the  idea  of  self-purifica- 
tion of  rivers  is  brought  to  the  front  and  witli  it  questions  as  to  the 
effect  of  the  contour  of  riv^er  beds  and  the  existence  of  artificial  works, 
such  as  dams  and  mill  ponds.  In  the  discussion  of  different  points  of 
I>ollution  in  the  preceding  pages  instances  were  cited  of  local  nui- 
sances due  to  contamination  at  near-by  points,  whidi  contrast  in  a 
very  confusing  manner  with  the  statement  that  off  Poughkeepsie, 
where  we  might  expect  all  this  filth  to  give  evidence  of  itjself,  Dr. 
Drown  found  what  was,  from  a  (»hemical  standpoint,  a  very  fair  pot- 
able water. 

In  the  results  of  bacterioloirical  examination  of  the  Mohawk  by  Dr. 
Theobald  Smith  we  have  seen  that  the  liigh  percentage  of  bacterift 
that  appeared  in  samples  of  tlie  water  taken  below  cities  gradually 
fell  off  as  the  points  of  iK)llution  wen*  left  farther  and  farther  behind. 
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When  these  leBolts  were  plotted  geometrically  there  appeared  a 
Rries  of  cresta  and  troughs  in  the  carve,  the  distance  between  the 
mrts  corresponding  exactly  to  the  distance  between  points  of  im>1- 
ition,  measnred  at  the  same  scale. 

All  these  apparent  jMiradoxes  have  their  logical  explanation,  the 
dyated  points  being  confined  largely  to  minor  details.  It  would, 
ideed,  be  an  endless  and  unprofitable  task  to  attempt  to  reconcile 
IS  different  features  which  modify  conclusions,  and  it  will  not  be 
itempted  here. 

It  is  proposed  to  point  out  the  losses  and  damages  for  which  {lollu- 
dh  is  responsible,  confining  qualifications  thereof  to  a  few  well- 
itested  instances  in  which  it  is  apparent  that  river  pollution  is  less 
Epensive  thaQ  the  avoidance  of  it.  There  are  many  cases  in  which 
le  cost  of  purifying  sewage  before  turning  it  into  a  river,  or  the 
cpenses  entailed  in  securing  some  other  place  of  final  disposal,  far 
coeed  the  cost  of  providing  a  pure-water  supply  from  liighland  or 
dher  sources,  and  in  such  cases  it  is  manifestly  better,  if  there  are  no 
ther  rights  to  be  connidered,  to  use  a  stream  as  a  sewage  course 
ither  than  a  source  of  water  supply.  Such  instances  should  be 
seated  from  the  standpoint  of  general  public  economy,  every  appar- 
at  consideration  being  taken  into  account. 

WATER  POWER. 

It  has  already  been  stated  that  damages  to  water-power  interests  in 
le  Hudson  drainage  area  are  not,  comparatively  speaking,  large, 
here  are,  indeed,  a  few  mills  that  have  been  obliged  to  give  over  the 
ie  of  river  water  in  various  manufacturing  processes  because  of 
ipurities  it  contains,  but  the  loss  entailed  does  not  appear  to  be  seri- 
is.  Neither  does  the  future  promise  any  remarkable  change  in  this 
spect.  Without  doubt,  new  seweraji:©  systems  that  are  approved 
om  time  to  time  by  the  State  commissioner  of  health  will  l)e  pro- 
ded  with  means  of  purification  if  the  installation  of  such  systems 
"omises  any  great  increase  of  river  pollution. 

There  are  few  cases  in  which  mill  ponds  have  teconie  public*  nui- 
.nces  by  reason  of  deposits  of  sewage*  upon  tlie  banks,  but  such  will 
)  taken  up  under  the  consideration  of  damages  to  realty  values. 

ICE. 

The  Hudson  River  ice  crop  has  a  national  reputation,  yet  few  peo- 
e  realize  its  extent,  and  fewer  can  locate  the  i)()ints  at  which  storage 
>uses  are  gathered.  In  the  April  number  of  the  Ice  Trade  Journal 
r  1901  nearly  four  pages  are  occupied  by  a  list  of  ice  houses  along 
lis  river  and  a  stiitenient  of  tlie  amount  stored  in  each.  The  crop 
spends  entirely  upon  the*  winter's  temperature,  an<l  the  amount  of 
e  that  is  available  for  harvest,  varies  accordingly.  During  the  win- 
r  of  1900-1001  there  were  cut  and  stored  -4,600,800  tons,  this  being 
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the  largest  crop  ever  gathered.  Daring  the  preceding  year  there  were 
stored  only  1,430,670  tons,  which,  although  large  in  itself,  seems  small 
when  compared  with  the  enormous  amount  harvested  in  the  succeed- 
ing winter. 

There  seems  to  be  no  special  center  for  the  industry,  the  field 
extending  all  along  from  Schuylerville,  past  Ck)hoeH,  Waterford,  and 
Troy,  nearly  down  to  the  limit  of  salt  water  influence.  On  Ron- 
dout,  Esopus,  Catskill  and  other  creeks  there  are  large  ice  houses,  and 
from  certain  lakes,  such  as  Rockland,  Oroton,  and  Mahopac,  there  is 
gathered  a  considerable  harvest,  230,000  tons  being  cut  from  theee 
three  lakes  during  the  past  winter.  By  far  the  greater  amount,  how- 
ever, comes  from  the  main  river. 

Sufficient  data  have  lx'»en  presented  to  show  how  great,  even  in  the 
most  unfavorable  years,  is  the  value  of  the  Hudson  River  as  a  soaroe 
of  ice  supply.  It  has  been  stated  in  preceding  pages  that  poUation 
in  a  river  is  a  damage  to  the  ice  industry,  and  that,  even  though 
recent  research  indicat'CS  that  the  typhoid  bacillus  does  not  survive 
during  long  periods  when  locked  in  ice,  public  use  of  this  commodity 
when  polluted  with  sewage  will  not  be  tolerated.  A  little  reflection 
will  show  how  worthless  is  a  polluted  stream  or  lake  as  a  source  of 
ice  supply.  Modern  biology  has  found  means  effective  for  the  puri- 
fication of  contaminated  water.  Such  means  are  not  applicable  to 
ice,  and  thus  polluted  ice  is,  or  should  l)e,  a  total  loss;  it  can  not  be 
sterilized  nor  in  any  way  relieved  of  its  dangerous  qualities.  With 
the  ever-increasing  use  of  this  article  in  and  upon  our  food  there  is  a 
necessity  that  greater  care  be  taken  as  to  its  source.  The  absence  of 
typhoid  fever  bacilli  in  polluted  ice  is  by  no  means  a  guarantee  of  its 
safety  for  domestic  use.  The  dangers  are  well  expressed  in  the  fol- 
lowing paragraph,  taken  from  an  article  by  James  M.  Anders,  M.  D., 
LL.  D.,  of  Philadelphia: 

While  I  shall  endeavor  later  to  emi)hasize  the  i)otency  of  impure  water,  espe- 
cially when  bacterially  contaminated,  in  causing  certain  diseases.  I  desire  at  the 
ontset  to  insist  that  the  deleterious  and  devitalizing  effect  of  imbibing  such  water, 
npon  the  general  health  of  the  community,  is  practically  inconceivable.  By 
lowering  the  resistance  to  that  large  class  of  infectious  diseases,  its  indirect  influ- 
ence as  a  causative  factor  must  \ye  cM)nsiderable,  not  to  s|)eak  of  the  suffering 
occasioned  by  the  habitually  depressed  and  weakened  systemic  condition  thus 
engendered.  Much  inconvenience  and  ill  health  caused  by  impurities  in  the 
drinking  wat^r  originates  primarily  from  the  alimentary  tract,  and  is  due  to  gas- 
tric and  intestinal  disturbances.  The  ingestion  of  contaminating  materials  may 
l)e  a  cause  of  dyspepsia  or  diarrhea,  and  most  probably  also  renders  the  system 
receptive  to  the  invasion  of  the  bacillus  coli,  the  bacillus  of  Shiga,  and  other  patho- 
genic organisms,  and  this  quite  hidepenchmtlf/ of  (tnif  pollution  of  the  drinking 
water  by  the  diaeaae-producing  germs  theniselvetf  [italics  by  M.  O.  L.]. — American 
Medicine,  March  20,  1902,  p.  508. 

Above  Albany  were  cut,  last  season,  502,700  tons  of  ice.  By  far  the 
greater  part  of  this  was  taken  l^elow  the  mouth  of  the*  Mohawk  and  in 
that  river  itself.     At  Crescent,  a  bend  in  the  Mohawk,  a  few  miles 
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below  the  outlet  Bewers  of  Soheueetady,  the  reports  show  a  total  crop 
of  163,000  tons.  From  the  mouth  of  the  river,  where  the  pollution 
from  Cohoee,  Waterford,  and  Lansingburg  is  most  dangerous,  were 
taken  200,000  tons  more,  and  below  Troy  and  Watervliet  the  harvest 
unounted  to  about  75,000  tons.  The  water  taken  from  practically 
Qiese  same  points  was  found  by  Dr.  Theobald  Smith  to  contain  fecal 
bacteria. 

South  of  Albany,  within  4  miles  from  the  outlets  of  the  sewers  of 
that  dty,  and  at  Rensselaer  there  were  harvested  during  the  season 
of  1901  over  300,000  tons  of  ice.  The  water  in  the  Hudson  above 
Albany  is  now  being  purified  for  potable  U8e  in  that  city,  because  the 
citizens  found  by  costly  experience  that  it  could  not  be  used  in  its  raw 
state.  What,  then,  must  be  the  condition  of  that  water  shortly  after 
the  sewage  of  101,617  more  persons  has  been  added  to  it? 

In  spite  of  the  conditions  outlined  above,  this  river  is  the  principal 
source  of  ice  supply  for  the  great  metropolitan  area,  and  although  the 
value  of  the  artificial-ice  business  is  growing  at  a  rapid  rate,  due  in 
part  to  distrust  of  ice  from  the  Hudson  and  other  polluted  sources, 
saeh  has  been  the  growth  in  the  demand  for  ice  that  the  market  for 
this  contaminated  product  remains  undisturbed.  It  can  not,  however, 
remain  indefinitely  firm,  and  when  tlie  facts  have  been  placed  before 
the  public  with  sufficient  intensity  the  value  of  the  Hudson  as  a  source 
of  ice  will  be  materially  damaged.  Reference  to  the  report  of  Prof. 
William  P.  Mason  made  to  the  Manufacturers'  Association  of  Brook- 
lyn will  show  very  clearly  the  character  of  Hudson  ice.  He  substan- 
tiates the  belief  that  the  formation  of  ice  eliminates  impurities  to  a 
3ertain  extent,  but  found  upon  testing  samples  of  ice  taken  from  germ- 
|)olluted  fields  in  the  Hudson  River,  just  below  the  junction  of  the 
ULohawk  River,  that  certain  disease  |i:ermK  were  still  alive,  and  con- 
lemned  this  ice  as  wholly  unfit  for  use  in  cooling  iM^verageH.  Typhoid 
jerms  were  not  killed,  as  was  prove<l  scientifically.  Ih)  cited  the  case 
)f  a  typhoid  epidemic  which  si)reH<l  from  .Schenectady  to  Albany,  the 
liohawk  River  carrying  the  typhoid  germs  down  to  its  mouth,  poi- 
nting the  ice  formed  in  thc^  Mohawk,  whence  the  ice  supply  of  both 
•ities  was  obtaineil.  In  this  manner  bot  h  cities  suffered  with  a  typhoid 
epidemic. 

The  association  is  to  present  petitions  to  both  the  State  and  city 
lealth  boards,  asking  that  sonu*  steps  b<^  taken  to  prevent  the  pol- 
uted  ice  being  sold  in  this  market." 

The  above  declaration  from  so  distinguished  an  authority  can  not 
)e  barren  of  results,  and  the  co!ise([uent  action  tak(»n  by  the  Manu- 
facturers' Association  can  not  fail  to  he  adverse  to  the  use  of  ice  cut 
m  the  Hudson.  It  will  produce  no  Nvidespn^ad  revulsion,  nor  will 
he  ice  industry  of  the  river  be  destroyed  in  a  season,  but  there  can 
lot  fail  to  be  a  gradual  coiicurnMice  in  the  idea  that  Hudson  River  ice 
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iH  an  inferior  articlo,  the  price  of  which  will  be  forced  lower  and  lower 
by  the  active  conini«»rcial  8pirit  of  this  country.  It  will  not  be  nec- 
essary even  to  advance  hygienic  considerations  beyond  the  point  at 
which  they  are  able  to  Iwget  distrust  in  the  market  of  New  York. 

According  to  prevailing  prices,  the  last  Hudson  ice  crop  is  worthat 
least  ls8,(KK),(KX).  In  unfavorable  seasons  the  pure  article  from  that 
source  could  not  fall  Inflow*  an  annual  value  of  $3,000,000.  For  what 
fraction  of  this  sum  annually  could  all  the  Hudson  Basin  sewage  be 
purifietiy 

WATER  SUPPLY. 

The  estimation  of  loss  of  capital  in  a  river  which  is  polluted  to  the 
degree  apparent  in  the  Hudson  c^n  not  be  brought  to  a  very  fine  point 
of  accuracy.     If  we  were  to  consider  the  effect  of  sedimentation,  Mid 
figure  out  all  the  other  factoi*s  that  are  effectual  in  the  so-called  self- 
purification  of  rivers;  if  we  were  to  consider  the  amount  and  character 
of  the  sewage  and  the  dilution  thei*eof,  we  might  be  able  to  reach  an 
approximate  figure  of  danuigo,  and  even  then  it  would  be  of  littlemore 
value  than  the  rough  resume  that  can  easily  be  made.     If  the  science 
of  water  purification  were  in  the  same  state  in  which  it  was  a  quarter 
century  ago  the  jiroblem  would  be  more  simple,  for  at  that  time  there 
were  no  well-established,  n^li able  means  of  purification  in  common  use 
in  this  country.     To-day,  however,  the  purification  of  polluted  water 
for  domestic*  use  has  readied  that  state  of  perfection  at  which  it  has 
become  the  pract  ice  of  reputable  engineers  to  take  polluted  water  from 
a  stn»ain  at  the  very  doors  of  the  city  and  purify  it,  rather  than  to 
exixMul  large  sums  of  inonc^y  in  conserving  an  unpolluted  supply  miles 
away  in  a  spars<»ly  scuttled  district.     Tlie  case  of  Philadelphia  at  the 
pi'csent  time  is  iwrtinent:  On  January  4,  1901,  the  United  States  Sen- 
ate Comniittc^e  on  the  District  of  Columbia  convened  at  New  York  to 
discuss  with  tlie  (engineering  profession  the  question  of  filtration  of 
water  supply  at  Washington,  1).  V.     Mr.   Rudolph  llering,  M.  Am. 
Soc.  C\  E.,  stat<Hl  in  his  testimony  with  reference  to  the  experience  of 
Philadelphia  that,  in  1S83,  h(^  was  engaged  by  that  city  to  make  studies 
for  the  new  city  water  supply.     As  th(»  subject  of  water  filti*ation  was 
not  fully  developed  at  that  tinu*  he  recommended  an  un filtered  water, 
taken   from   the   Blue  Ridges     More  recently,  during  his  connection 
with  the   Philadeli)hia  waterworks,  he   recommended  the  Schuylkill 
Rivxu*  and  the   Delaware,  because  of  tlie   fact  that  this  water  could 
now  be  made  sutliciently  pure  for  us<\  and  under  the  circunujtances  it 
present(»d  a  mon^  f(*asible  plan  from  cveiy  standpoint,  for  both  pres- 
ent aii<l  future  generations. 

It  becomes  ne(*essary  then,  in  coHsid<*ring  pollution  in  a  river  from 
the  standpoint  of  water  supply,  to  nmk(»  allowance  for  the  fact  that 
the  water  can  Iw  purified  and  that  its  precedent  pollution  does  not 
constitute  a  complete  loss  of*  resoun^c.      Tnder  such  circumstauceH 
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the  actual  amount  of  damage  done  oonsists  of  the  difference  between 
the  coat  of  pumping  raw  water  for  direct  use  and  the  cost  and  main- 
tontnce  <rf  a  filtration  eystem. 

There  remain  certain  riversy  the  pollution  of  which  seems  altogether 
nuiecesBary,  which  could  be  preserved  in  approximately  their  normal 
atite,  yet  which  receive  sewage  enough  to  damage  their  water  supply 
Tdues.  Such  streams  are  the  Wallkill  and  Batten  Kill.  In  such 
ittstancea,  where  the  cost  of  sewage  disposal  would  be  comparatively 
small,  there  seem  to  be  no  compensating  factors  to  offset  the  damage 
done  to  fhe  river  as  a  source  of  wtfter  supply,  and  {pollution  becomes 
needless  and  unwarranted. 

The  cities  on  Hudson  River  proper  that  now  derive  all  or  a  part  of 
their  water  supply  from  the  river  by  pumping  are  Poughkeepsie, 
Oatskill,  Hudson,  Albany,  Rensselaer,  and  Troy,  including  the 
moenily  annexed  Lansingburg.  In  all  of  these  places  except  the 
latter  the  water  is  filtered,  and  in  the  latter  ease  only  a  part  of 
the  snpidy  is  derived  from  the  Hudson. 

The  filtration  qrstems  at  Poughkeepsie,  Catskill,  and  Hudson  were 
Bstabliahed  before  the  present  knowledge  concerning  the  action  of 
Utera  was  very  clearly  defined,  and  there  was  no  idea  of  purification 
if  tlie  water  in  the  sense  that  that  term  is  now  understood  by  the 
(xroCeflBion.  The  main  object  of  these  filters  was  that  of  clarification, 
.  e.,  an  elimination  of  the  sediment  which  is  carried  down  the  Hudson 
n  large  quantities,  and  if  there  had  been  clear  water  in  the  river  the 
chances  are  that  neither  of  these  filters  would  have  been  installed  at 
Dhat  time.  'Vhe  cost  of  construction  in  these  three  cases  can  not, 
tiherefore,  be  charged  against  tha  debt  of  sewage  pollution.  What- 
ever may  have  been  the  initial  cause  of  installing  the  Poughkeepsie, 
Hudson,  and  Catskill  filters,  it  is  apparent  that  they  are  at  present 
maintained  for  the  added  purpose  of  biological  purification  as  well 
Eis  that  of  clarification.  It  would  l)e  quite  unlikely  that,  should  the 
waters  of  the  Hudson  become  free  from  sediment,  the  filtration  system 
would  be  abandoned  in  the  face  of  all  the  sewage  coming  past  their 
respective  intakes,  so  that  it  is  a  fair  position  to  assume  that  pollution 
is  partially  responsible  for  the  expense  of  maintenance  of  these  filters. 
While  this  section  of  the  Hudson  is  under  consideration  it  mav  be  of 
value  to  pursue  this  subject  with  the  lielp  of  a  projected  enterprise 
that  emphasizes  in  a  forcible  manner  the  damage  that  must  be  faced 
in  such  rivers. 

One  of  the  most  thoroughly  discussed  water-supply  problems  that 
has  been  before  the  public  for  many  yeai-s  is  that  of  the  present  and 
future  supply  of  the  city  of  New  York.  In  August,  18!)9,  jMr.  William 
Dalton,  commissioner  of  water  supply  for  the  city  of  New  York, 
startled  the  citj'  and  convulsed  the  engineering  profession  by  recom- 
mending that  the  board  of  public  improvements  appi*ove  a  forty-year 
contract  with   the  RamajK)  Water  Company,  under  which  the  city 
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was  lx)und  to  buy  at  least  200,000,000  gallons  of  water  daily  at  a  cost 
of  J;70  per  million  gallons.  The  excessive  cost  of  the  water  was  only 
one  item  of  disadvantage  to  which  the  city  was  to  be  subjected  by  tlw 
execution  of  the  contract.  The  immediate  opposition  which  was 
develoi)ed,  headed  by  Comptroller  Bird  S.  Coler,  caused  a  stay  in  the 
proceedingH,  during  which  time  the  matter  was  investigated  by  the 
comptroller  and  independently  by  the  Merchants'  Association  of  New 
York,  a  body  whose  power  in  city  affairs  and  in  the  establishment  of 
sound  corporate  policy  has  ever  been  notable.  An  organized  staff 
was  made  up  from  the  association  and,  aided  by  the  comptroller  and 
Governor  Roosevelt,  every  x>hase  of  the  proposed  swindle  was  laid 
bare.  In  addition  to  this,  investigatiims  were  made  into  every  branch 
of  the  water-supply  question,  and  the  report  that  was  issued  is  one 
of  the  most  valuable  of  the  recent  publications  on  this  subject.  The 
engineering  committee,  under  the  leadership  of  Mr.  Rudolph  Hering, 
instituted  among  other  things  an  investigation  into  the  available 
sources  of  supply  for  the  city  and,  with  their  consulting  engineer,  Mr. 
James  II.  Fuertes,  carefully  considered  every  adequate  source  of  sup- 
ply in  the  State,  finally  deciding  that  the  most  feasible  plan  was  the 
pumping  of  the  water  from  the  Hudson  River  itself,  at  a  point  just 
above  the  city  of  Poughkeepsie,  where  a  supply  of  1,500,000,000  gal- 
ions  daily  was  easily  available  if  proper  compensating  reservoirs  were 
constructed  in  the  Adirondacks  for  replenishing  the  river  during  dry 
seasons. 

It  is  the  consideration  of  this  extensive  i)ro.ject  and  the  analysis  of 
the  estimates  of  cost  and  inaint<Miauce  thereof  that  give  the  inquii'e'*^ 
his  first  adequate  idea  of  tlie  loss  which  may  arise  and  the  damaf^ 
which  may  accrue  to  the  resources  of  tlie  Hudson  River  through  poL 
lutiou.     These  estimates  wei(»   based   upon   a   proposed   suppl}'   o 
500,000,000  gallons  daily,  which  is  probably  the  maximum  additioua 
sui)ply  that  will  be  reciuired  by  the  city  during  a  long  term  of  years  — 
The  minimum  cost   for  such  a  system  would  be  ^7l\374,0(X),  of  whicl^ 
>^:3l\557,0O0  is  for  filters  and  pumping  plant,  largely  nmde  necess*iry^ 
by  sewage  pollution.     TIkj  minimum  cost   for  the  water  at  this  rates? 
would  be  x^O.ot)  p(^r  million  gallons,  of  which  84,  or  about  13  percent, 
is  the  amount  expemled  for  liltration.     In  the  estimated  annual  cost  of" 
(jperation  and  maintenance  is  included  jj?730,()Oi)  for  cost  of  filtration. 
If  in  the  course  of  years  it  should  become  necessary  to  develop  such 
a  syst(Mn  to  its  full  capacity  the  cost  of  overcoming  th(»  effects  of  sew- 
age iioUution  wouhl  increase  accordingly.     Thus  it  nm\'  be  seen  that 
if  at  any  time  in  the  future  the  city  of  New  York  should  adopt  the 
Hudson  supply  and  us(^  the  maximum  amount,  the  polluted  condition 
of  the  i-iv<M*  would    necessitate   an   annual  expenditure  of   at   lea-st 
jBl\0(M),()(m)  in  addition  to  the  initial  cost  of  establishing  so  gigantic  a^ 
filtration  system. 

The  history  of  the*  Albany  wat(»r  supply  is  closely  linked  with  thcr 
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Uitofy  ot  poUntlon  in  the  Hudson  at  that  point,  and  the  recent  estab- 
UuMnt  there  of  what  was,  at  the  time  of  oonatmotion,  the  largeet 
liter  in  the  ooontry  is  a  direct  consequence  of  the  sewage  in  the  river 
from  the  Albany  sewers  as  well  as  from  the  numerous  places  within 
askort  distance  above.    In  the  year  1873  it  became  necessary  to  aug- 
siest  the  gravity  icystem  of  water  supply  then  in  use  at  Albany,  and 
Ml  intake  was  placed  in  the  Hudson  and  water  was  pumped  there- 
from into  the  reservoirs,  to  be  mixed  with  the  upland  water.    With 
(he  growth  of  the  city  more  and  more  was  pumped  from  the  Hudson, 
Qnta  at  the  present  time  the  pumped  water  exceeds  in  amount  that 
taken  from  the  old  gravity  system.    Throughout  the  history  of  its 
water  system  Albany  has  employed  eminent  authorities  to  guide  her 
atepa,  and  the  establishment  of  this  Hudson  intake  appears  to  have 
been  undertaken  advisedly.    When,  after  the  lax>se  of  some  years,  there 
•rose  a  feeling  that  all  was  not  well  with  the  water,  fears  were  again 
quieted  by  the  reassurances  of  a  distinguished  gentleman.    Whatever 
deleterious  material  might  be  poured  in  the  river  at  Troy,  4  miles 
above  the  intake,  would  be,  said  the  expert,  rendered  entirely  harmless 
through  various  influences,  among  which  were  sedimentation,  dilu- 
tion, and  oxidation.    The  fact  that  the  death  rate  and  morbidity  from 
typhoid  fever  was  high  seemed  to  have  no  bearing  upon  the  case,  nor 
was  tbero,  in  the  opinion  of  the  city's  advisers,  any  significance  in 
the  fact  that  epidemics  at  Albany  followed  those  at  Troy,  Schenec- 
tady, and  other  places.     The  eminent  authority  maintained  his  posi- 
tion and,  we  believe,  sticks  to  his  conclusions  to-day. 

In  1885  Prof.  William  P.  Mason,  in  a  report  to  the  water  lx>ard, 
showed  very  clearly  the  deplorable  condition  of  the  water  and  con- 
demned it  in  unmistakable  terms.  From  that  time  until  l89Gthere 
was  a  series  of  efforts  to  provide  a  new  supply,  all  of  which  failed, 
until  in  July,  1897,  it  was  finally  decided  to  filter  the  water  from  the 
Hudson.  Under  the  direction  of  Mr.  Allen  llazen,  M.  Am.  Soc.  C.  E., 
a  covered  filter  was  constructed  at  a  (*()st  of  about  ^500,000,  and  the 
expense  of  operation  is  al>out  $4.10  per  million  pillons,  or  about 
$20,000  annually.  The  results  have  aln*ady  l)eeu  more  than  suflieient 
to  pay  for  the  cost  of  the  construction.  The  death  rate  from  typhoid 
fever  has  been  very  materially  decn^ased,  and  the  good  efT(!cts  of  the 
filtration  system  remain  undispute<l. 

Troy  up  to  the  present  day  is  drawing  a  part  of  its  water  from  the 
Hudson  and  delivering  it  to  its  citizens  in  the  raw  state,  and  for  years 
efforts  have  been  made  to  obtain  a  im^w  supply-,  until  there  seems  now 
to  \)e  an  assurance  of  Ix^tter  water.  This  cit  v  has  been  <*vi»n  slower  than 
Albany  to  realize  the  damaging  elTects  of  Hudson  watc^r,  and  the  indif- 
ference of  the  citizens  there  has  called  from  Prof.  William  i*.  ?flas(m 
the  statement,  made  during  his  testimony  before  thc^  Senate*  Commit- 
tee on  the  District  of  Columbia,  that  *'up  in  Troy  anything  short  of 
soup  would  be  satisfactory."    The  new  water  supply,  which  Uw  lK>t- 
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U»r  clcMiieiit  Ml  Troy  has  at  last  ftiieeeedecl  in  pushing  to  a  successful 
issue,  is  to  be  eonserve<l  in  sparwly  settled  districts  east  of  the  city. 
It  will  furnish,  wlien  fully  developed,  about  40,000,000  gallons  daily, 
and  the  present  plans  contemplate?  an  expenditure  of  $1,250,000. 

These  are  the  actual  water-supply  expenditures  which  have  been 
made  necessary  by  sewage  [K)llution  in  the  main  river  and  also  the  costs 
which  would  l>e  incurred  should  the  plan  recommended  by  the  Mer- 
chants' Association  for  the  futui-e  supply  qf  the  city  of  New  York  tpe 
adopted.     It  is  clear  that  the  Hudson  River  along  this  section  mast 
necessarily  be  pollut<»d,  and  the  expense  of  water  iiltration  must  always 
be  regarded  jvsone  of  the  running  expenses  to  be  perpetually  maintained 
in  the  Ilinlson  Valley.     There  is  no  possible  way  of  overcoming  it, 
and  it  must  be  considen»d  in  a  summary  of  this  character.     It  may 
be  contendtHl  that  the  free  drainage  of  cities  into  the  Hudson  is  ^ 
privilege  which  compensates  for  the  disadvantages  that  arise  fpotf*- 
the  damage  to  the  natural  water  resources.     A  little  reflection  will- 
show  that  such  a  (*ontention  is  idle,  and  that,  after  allowing  for  all 
the  items  which  constitute  the  credit  side  of  the  present  account,  sf0 
shall  fin<l  that  the  i>ollution  of  the  Hudson  River  is  very  costly. 

The  eastern  tributaries  of  the  Hudson  are  not  damaged  to  any  greats 
extent  by  jwUution,  except  the  Hoosic  and  Batten  Kill.    At  the  presents 
time  the  water  from  the  former  river  is  badly  contaminated,  yet  not> 
sufficiently  to  danuige  any  of  the  resources  which  it  has,  up  to  thi» 
time,  lx*en  called  upon  to  yield.     The  ice  industry  upon  the  river  is^ 
not  worth  considering,  and  the  only  resource  which  is  damaged  is  the 
wat«r  supply.     If  there  should  ever  Ije  a  demand  for  the  water  in  the 
basin  of  the  Hoosic  it  would  be  necessary  to  resort  to  filtration  under 
the  present  c<)n<litions.     Pollution  in  the  Hoosic  is  i)Ositively  need- 
less, and  its  (existence  there  is  damaging  to  a  resource  which,  properly 
caivd  for,  would  bo  one  of  the  fairest  in  the  Hudson  River  basin. 
The  same  statements  are  tru(»  witli  reference  to  Batten  Kill.     Although 
the  contamination  of  this  stream  is  less  than  that  of  the  Hoosic,  there 
is  sufficient  to  cripple  its  usefulu(»ss  as  far  as  the  use  of  its  raw  water 
is  concerned. 

Similar  statements  may  be  made  concerning  the  western  tributaries. 
The  Wallkill  is  a  river  which  seems  excellently  adapted  for  water 
supply,  and  if  proper  care  weiv  exercised  it  miglit  be  possible  for  each 
municipality  along  its  banks  to  (*sta])lisli  its  water  intake  at  almost 
any  convenient  point  along  tlie  river  aii<l  use  the  water  with  safety. 

There  is  little  to  add  concerning  the  Mohawk.  We  have  seen  that 
it  is  the  river  wiiicli  contains  the  greatest  relative  amount  of  pollution 
of  all  those  tributary  to  the  Hudson,  and  that  the  sewered  population 
along  its  banks  numbers  ]52,()n().  The  only  cities  which  have  of 
late  attempted  to  draw  tlieir  supplies  from  the  Mohawk  are  Rome, 
Schenectady,  and  Cohoes.  Abovo  the  first  mentioned  city  the  water 
is  fairly  satisfactory  from  a  sanitary  standpoint,  but  at  Schenectady 
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3  work  of  Dr.  Theobftld  Smith  was  too  oondasive  to  admit  of  any 
obt  concerning  the  dangerons  quality  of  the  water.  Consequently 
\t  city  has  been  obliged  to  abandon  its  intakes  in  the  river  and  is 
IT  supplied  by  driven  wells.  Cohoes  is  still  contented  to  drink 
m  the  cesspool  of  its  neighbors. 

t  would,  no  doubt,  be  impossible  to  make  the  Mohawk  pure.  If 
sewage  pollution  were  eliminated,  it  is  probable  that  the  surface 
linage  of  so  populous  a  country  would  unlit  the  water  for  use  in 
raw  state  as  a  domestic  supply.  Certainly,  if  such  is  not  the  case 
present  it  will  be  true  within  a  few  years.  The  present  danger  is 
t  the  conditions  along  the  Mohawk  may  approach  those  of  the 
»aic;  it  will  be  remembered  that  the  increase  of  population  here 
preater  than  at  any  point  that  we  have  considered  in  the  Hudson 
linage  area. 

ilie  water-supply  damages  cited  on  the  ^lohawk,  then,  are  total 
Stness  of  the  stream  as  a  source  of  raw  supply  and  necessary  aban- 
iment  of  an  intake  by  the  city  of  Schenectady, 
rhe  character  of  Saratoga  Lake,  and  the  use  to  which  it  has  been 
:,  makes  its  use  as  a  water  supply  undesirable.  It  might,  of  course, 
re  been  used  for  this  purpose  before  it  became  so  polluted,  but,  as 
is  a  part  of  the  great  summer  resort,  it  Is  natural,  and  almost 
[)erative,  that  it  should  be  given  up  to  recreative  purposes  and  as 
;h  it  becomes  unimportant  from  the  standpoint  of  water  supply. 

REALTY   VALUES. 

^here  are  many  places  in  the  Hndsoii  <lrainage  area  that  have  been 
de  undesirable  by  sewage  pollution,  but  in  tho  majority  of  cases 
yare  so  very  close  to  sewer  outlets  that  nothinjr  else  eould  bo 
>ected,  and  the  surrounding  neighborhoods  have  In^en  a<lapte<l  to 
et  such  conditions.  Such  places  must  ever  exist — it  is  necessary 
every  city  to  have  its  garbaij;**  area  and  dust  bin,  and  it  has  become 
customtodevelop  these  surroundings  in  such  a  way  that  the  inter- 
iinvolved  do  not  suffer  material! v  1)V  the  existence  of  that  which, 
residential  districts,  would  s(?riously  impair  estal)lish(»d  values. 
?re  is  no  place  on  the  Hudson  when*  the  condition  approaches  that 
>u  certain  parts  of  the  Passaic,  whci-c  land  has  been  rc<hiced  to  no 
tie  and  localities  have  been  brouglit  to  a  stan<lstiU.  The  region 
ut  Johnstown  on  Cayu<lutta  Creek  and  the  shores  of  Saratoga  Lake 
ebeen  fast  approaching  that  conditi(m,l)nt  up  to  the  present  time 
re  has  been  only  a  relatively  small  amount  of  i-calty  damage*, 
he  law  reports  of  New  York  State  contain,  hen*  and  ther(%  cases 
ing  out  of  polluted  conditions  in  this  area,  the  most  important  of 
ch  are  the  following: 

apreme  a  urt.  May  term,  181H  (•;7  Ilun,  p.  :3!M);  .Toshua  Demby  r. 
^of  Kinf,ston,  X.  Y.: 
he  plaintiff  and  wife  wer<*  tenants  by  cMitii'ety  upon  two  lots,  t  hrough 
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which  ran  a  stream  that  was  ]K>Uuted  by  city  sewers.  Plaintiff  was 
obliged  to  cover  stream  and  to  incur  conniderable  expense  to  get  rid 
of  nuisance,  and  finally  sued  the  city  for  damages  and  prayed  foraa 
injunction  against  further  iK)llution. 

The  city  held  that  it  was  not  responsible,  as  the  nuisance  was  caused  ' 
by  private  connections  in  a  sewer  built  for  storm  water,  and  the  city 
could  not  go  upon  x>rivate  property  and  remove  them.     The  award  of   i 
tlie  jury  in  the  lower  court  was  affirmed,  the  amount  being  9524,  and   : 
a  permanent  injunction  was  issued. 

Supreme  court,  Septeml)er  term,  1893  (71  Hun,  p.  232);  Simon 
Schrivor  r.  Village  of  Johnstown: 

The  case  was  presented  on  appeal  from  the  lower  court,  in  which 
the  jury  awarded  $2,0()0  damages,  and  the  court  issued  a  permanent 
injunction.    A  part  of  the  opinion  of  the  supreme  court  is  as  follows: 

The  maintenance  by  a  mnnicipality  of  a  permanent  system  of  sewers,  through 
which  sewage  X)as8ed  into  a  natural  stream  and  pond  of  private  ownership,  caus- 
ing i)ollntion  and  sediment,  presents  a  case  for  perpetnal  injunction  and  normal 
damages.  The  measure  of  damages  in  snch  a  case  is  the  depreciation  of  rental 
value. 

The  estimated  rental  value  of  the  i^ond  was  80(X)  per  annum.  Of 
this  $4()0  was  still  available  under  the  polluted  conditions,  leaving  a 
balance  of  82(M)  for  which  the  city  wa.s  responsible.  Damage  for  ten 
years,  amounting  to  *2,000,  was  affirmed,  and  the  permanent  injunc- 
tion WHS  continued. 

Supremo  court,  appellato  division,  May  term,  1897  (17  New  York, 
p.  -07);  Moody  r.  Saratoga  Si)rings: 

An  app(»al  by  (Icfondant  from  verdict  in  lower  court  in  favor  of 
plaiiitilT.     Damages  were  awarded  and  an  injunction  was  issued. 

Th(»  principal  contention  before  the  court  of  appeals  was  that  the 
villagi*  was  not  responsible  by  reason  of  the  act  of  the  legislature 
which  authorized  the  construction. 

A  part  of  the  opinion  rendered  by  the  higher  court  reads: 

The  purpose  of  chapter  141)  of  Laws  of  1885.  providing  for  the  extension  of  the 
main  st^wers  of  Saratoga  Springs,  was  t<3  promote  the  interests  of  the  village,  and 
the  village  is  liable  to  the  owner  of  ])remises  near  a  creek  int^)  which  said  exten- 
sicm  is  discharged  from  the  injuries  re^^ulting  from  the  pollution  of  air  and  water 
caused  by  such  discharge. 

An  act  wliic;li  authorizes  the  extension  of  a  sewer  authorizes  its  use.  but  such 
use  must  not  result  in  a  nuisance  or  occasion  injury  to  the  legal  rights  of  others. 

In  conclusion,  having  considered  as  minutely  as  seems  advisable 
the  different  sources  of  pollution  in  the  Hudson  River  basin,  and 
having  indicated  in  a  ]>rief,  suinniaiy  manner  its  offect  upon  the  nat- 
ural water  resources,  it  now  remains  to  determine  what  may  be  the 
future  of  these  resources  and  whether  pollution  will  continue  to  grow 
or  be  chtM'ked  by  popular  disapproval  and  consequent  legislative 
enactment. 
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The  whole  question  has  been  modified  by  the  sacoessf  ul  introdnc- 
ttm  of  filtration  for  water  supplies.  It  is  manifest  that  the  most 
potent  damage  that  is  ordinarily  done  to  the  resources  of  a  stream  is 
ito  destruction  for  use  as  a  source  of  water  supply,  but,  having  over- 
Qome  this  difficulty  by  the  introduction  of  filters,  it  is  more  than 
fikely  that  the  tendency  will  be  toward  toleration  of  a  certain  amount 
of  pollution,  and  the  expense  of  filtration  will  be  regarded  as  a  fixed 
duuge  upon  the  community  at  large. 

The  growing  use  of  sewage  purification  processes  has  also  a  bearing 
upon  the  pollution  question.  The  effluent  from  sewage  purification 
works,  while  projierly  and  theoretically  harmless,  can  not  at  all  times 
be  depended  upon  to  thoroughly  eliminat'C  all  the  pathogenic  bacteria 
flmtare  found  in  it.  There  must  be  laxities,  arising  in  even  the  most 
carefully  conducted  sewage  purification  plants,  that  are  entirely  una- 
Toidable.  Sewage  will  pass  through  the  puridcation  process  and  will 
not  be  treated  so  efficiently  as  the  process  of  purification  will  permit 
nor  so  carefully  as  the  diligence  of  those  in  charge  would  seem  to 
warrant.  Under  such  circumstances  it  is  clear  that  we  can  not  place 
sufficient  dependence  upon  sewage  purification  to  warrant  us  in  using 
for  potable  purposes  the  raw  water  from  a  river  into  which  such 
effluent  is  emptied. 

Natural  surface  drainage,  too,  is  to  be  considered.  Ui)on  rivers 
having  large  cities  along  their  shores  a  certain  amount  of  pollution 
must  arise  from  the  natural  drainage  of  occupied  land,  and  this  may 
be  a  detriment  to  the  river.  Such  contamination  is  unavoidable,  and 
is  certainly  not  so  important  as  tliat  from  city  sewers,  j^et  it  is  true 
that  the  uncertainties  that  arise  make  it  necessary  to  avoid  the  use 
of  water  so  contaminated  for  domestic  purposes  without  filtration. 
So  it  appears,  as  already  observed,  that  the  tendency  will  be  to 
assume  that  the  contamination  ineideut  to  the  surface  drainage  of 
occupied  land  and  the  effluent  from  sewage  purification  works  is  a 
necessary  and  unavoidable  evil,  and  to  consider  that  the  diminution 
of  natural  water  resources  by  this  means  is  one  of  the  prices  which 
society  must  pay  for  its  social  and  economic  development. 

The  above  applies  to  rivei*s  with  considerable  population  in  their 
imraediat^e  drainage  areas.  The  i)ollution  of  upland  streams  in 
sparsely  settled  districts  must,  liowever,  he  regarded  as  needless,  and 
as  a  crime  against  the  community.  The  greater  part  of  these  areas 
possesses  little  value  from  an  a<?ricultural  standpoint.  Under  the 
present  conditions  they  are  principally  useful  in  raising  forests.  The 
highest  development  of  their  natural  values  would  arise  by  setting 
them  aside  as  regions  for  the  conservance  of  water.  In  this  way  the 
forestry  and  water  problems  could  be  dealt  with  coincidently,  and  the 
adoption  of  such  as  a  pulilic  policy  would  be  wise. 

The  damage  to  ice  interests  by  sewage  pollution  will,  in  the  course 
of  years,  settle  itself.    The  manufacture  of  ice  is  a  growing  industry. 
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and  when  the  time  shall  come  that  ]K>llnted  ice  is  no  longer  tolerated, 
the  use  of  artificial  ice  will  become  universal.  The  rivers  that  are 
now  used  as  ice  fields  are,  in  the  minority  of  cases,  those  that  are  pol 
luted  to  a  gi*eater  or  Ichs  extent,  so  that  the  damage  to  that  part  o1 
the  water  resources  must  also  be  assumed  in  the  same  spirit  as  tha 
just  described  with  reference  to  water  supplies.  It  will,  in  this  case 
be  a  surrendering  of  certain  natural  sources  of  wealth  for  an  equa 
value  in  a  new  industry. 

Within  the  area  covered  by  this  brief  analysis  there  are  a  few  intei 
state  features,  although  the  questions  involved  are  not  now  of  Iocs 
interest.  We  have  seen  that  a  part  of  the  drainage  area  of  the  Pas 
saic  extends  over  into  the  State  of  New  York  and  that  the  Hudso 
River  Basin  comprises  small  parts  of  Vermont,  Massachusett 
and  New  Jersey.  What  the  future  may  bring  forth  in  these  pla« 
with  regard  to  interstate  pollution  is  a  matter  of  conjecture,  yet 
the  cities  of  North  Adams,  Mass.,  and  Bennington,  Vt.,  should  gro 
sufficiently  to  pollute  the  Iloosic  River  to  the  same  extent  that  tl 
Passaic  or  Cayadutta  Creek  is  now^  polluted,  there  would  arii 
damages  to  different  interests  in  the  State  of  New  York  which  tl 
courts  of  that  State  could  not  correct.  What  the  result  would  be 
uncertain,  for  thei'e  is  not  yet  any  well-defineil  process  nor  any  esta 
lished  practice  by  which  such  matters  could  be  easily  adjusted.  The 
is  a  national  authority  over  common  interstate  matters,  an<l  the: 
should  Ix^  an  equal  control  over  tho  interstate*  features  of  rivers  whos 
courees  lie  within  two  or  more  States. 
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DEPABTHEitT  OF  THB  IS'TKRIOR, 

United  States  Geological  .Sprvky, 

di\^8ios  of  ilydbooraphy, 
Washington,  D.  ('.,  June  12,  1902. 
SiR:  I  hftve  the  honor  to  transmit  heiwith  a  inanuscrip1>  l>y  Ur, 
Arlliiir  P.  Davis,  ttiving  the  reenlts  of  surveys  and  iuveHtigations  for 
ifaler  storage  oil  Stilt  an«I  Verde  rivers,  Arizona,  and  riMiuest  that  it 
bepnblished  in  th«  series  of  Water-Supply  and  Irrigation  Papers. 

The  results  descril)ed  in  this  report  were  obtained  by  Mr.  Davia 
mftiuly  during  tlie  year  UK>1.  Assistance  whs  rendered  by  tlie  local 
authorities,  cumroitt^es,  and  citizens  of  Man(.4>pa  County,  Arisi.,  and 
thmagb  the  eooperation  thus  had  it  was  possible  to  gii  into  details 
''hicb  under  other  circumstances  could  not  have  l>eeudisco8Hed.  The 
*ork  is  of  great  value,  not  only  to  the  Salt  River  Valley,  but  to  other 
pOGtions  of  the  arid  region  where  water  storage  will  in  the  future  bo 
utnlprtaken,  as  the  careful  work  of  Mr.  Davis  hiix  demonstrat-i.'d  the 
ft-'asihility  of  uliliziny  tiHliiriil  r.^s-.m-i-.-s.  i>;irtii-iilfirly  in  ttu-  ruakiin; 
'>i  oemeut  autl  turning  U>  advauiagt)  previounly  uiisuupeutFil  uieauB 
for  conserving  water.  Throughout  Arizona  and  the  entire  Southwest 
the  development  of  agriculture,  and  to  a  less  extent  of  mining  and 
"ther  industries,  rests  upon  water  conservation,  since  in  these  vast 
^i^as  the  streams  are  for  the  most  part  of  small  volume  and  are  sah- 
J^et  to  occasional  destructive  floods.  The  Imixtunding  of  these  is  one 
"'  the  most  important  fnndamental  steps  to  be  taken  toward  the  utili- 
^tion  of  the  vast  area  of  vacant  public  laud. 

Very  respectfully,  P.  H.  Newell, 

Hydrographer  hi  Charge. 
Ron.  Charles  D.  Walcott, 

I>irector  United  Stateti  Geological  Survey. 


WATER  STORAGE  ON  SALT  RIVER,  ARIZONA. 


By  Abthxjb  p.  Davis. 


rNTBODUCnON. 

Salt  River  Valley  lies  south  of  the  center  of  the  Territory  of  Arizona, 
and  contains  by  far  the  largest  irrigated  area  in  that  Territory.  Its 
water  supply  is  obtained  from  Salt  River,  forming  below  the  conflu- 
ence of  Verde  River  the  largest  stream  in  Arizona. 

Verde  River  drains  the  central  portion  of  Arizona,  and  Upper  Salt 
Biver  the  east  central  portion.  Both  streams  are  more  or  less  torren- 
tial in  character,  the  combined  flow  dwindling  at  times  to  about  100 
cubic  feet  i)er  second,  and  at  other  times  reaching  a  volume  more 
than  .one  hundred  times  as  great. 

The  development  of  Salt  River  Valley  has  been  carried  on  by 
diverting  the  natural  flow  of  the  river,  which  is  not  sufficient  for  the 
adjacent  lands.  Settlement  and  cultivation,  encouraged  by  years  of 
large  or  normal  water  supply,  have  reached  a  point  Avliere  drj'^er 
years  do  not  furnish  sufficient  water  for  the  proper  irrigation  of  lands 
already  in  cultivation,  and  unless  the  water  supply  can  in  some  way 
bo  increased  not  only  must  agricultural  development  entirely  cease, 
but  some  of  the  land  already  in  cultivation  must  be  abandoned. 

The  unprecedented  drought  of  the  last  three  years  has  brought  the 
P^ple  of  this  region  to  a  most  vivid  realization  of  this  condition,  and 
to  a  strong  determination  to  by  some  means  secure  the  construction 
of  reservoirs  for  the  storage  of  the  waters  which  now  go  to  waste 
during  the  melting  of  the  snows  in  the  spring,  and  during  the  torren- 
tial rains  of  the  late  summer.  The  agitation  for  storage  led  to  the 
formation  of  the  citizens'  committee  in  Phoenix  for  promoting  investi- 
gations and  for  developing  some  project  for  the  storage  of  water, 
^©action  taken  is  set  forth  in  the  following  communication  received 
'D  November,  1900,  by  the  Secretary  of  the  Interior,  from  Mr.  B.  A. 
I'owler,  president  of  the  Salt  River  Valley  water-storage  committee: 

^e  citizens  of  the  Salt  River  Valley  of  Arizona  have,  as  a  result  of  a  protracted 
^^ght,  hecome  thoroughly  aroused  to  the  vital  importance  of  forest  protection, 

**  especially  of  water  conservation  through  the  construction  of  reservoirs. 

fr^  meetings  have  heen  held  and  an  organization  formed  representing  all  of  the 

.     ^l^  interests  of  the  valley.    As  president  of  this  organization,  I  have  heen 

^^'^licted  and  emiwweretl  to  take  active  steps  toward  bringing  alx)ut  better 
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A  <>4ftreful  Htndy  of  the  Hitnation  Iiuh  Hhown  that,  as  preliminary  to  the  constroc- 
tioii  of  HyBtems  of  water  storage,  we  mnst  have  a  fnll  knowledge  of  all  of  the 
phyKi<!al  conditioiis  of  topography,  water  flow,  depth  of  bed  rock,  amount  of  sedi- 
ment carried  Y)y  the  water,  and  other  facts.  With  these  fundamental  facts,  and 
with  estimates  of  the  capacity  and  cost  of  constmction,  it  will  be  poesible  to  dis- 
cuss alternative  projects,  and  to  lay  before  the  people  the  data  by  which  they  can 
be  gnide<l  in  future  action,  and  by  which  Congress  may  consider  the  advisability 
of  ]>nbli(;  works  for  the  regulation  of  the  streams  and  for  the  reclamaticm  of  arid 
lands. 

We  understfind  that  one  of  the  bureaus  of  the  Department  of  the  Interior,  Tiz, 
the  United  States  (ieological  Survey,  has  been  authorized  by  Congress  to  ascer- 
tain these  fiu'ts  relating  to  the  nK!laraation  of  the  arid  region,  the  storage  of  water, 
and  relat(Hl  8ubj(H*tH.  Also  that  the  demand  for  work  of  this  kind  far  exceeds  the 
funds  available  for  carrying  it  on,  and  that  as  a  consequence  work  is  being  con- 
centrated in  localities  where  the  greatest  public  interests  are  to  be  served,  and 
particularly  where  (;(K)peration  is  offered  by  the  i)eople  or  their  legislatures. 

In  >iew  of  these  conditions.  I  am  authorized  to  bring  before  you  the  great 
im|)ortance  of  this  work  to  the  iieople  of  Arizona,  and  as  an  evidence  of  onr  earn- 
estness in  the  matter  to  offer  to  cooi)erate  to  the  extent  of  furnishing  $1,500,  to  be 
disbursed  uxxm  the  usual  approved  vouc^hers,  an  equal  amount  to  be  allotted  from 
the  funds  of  tlie  Unit*?d  States  Geological  Survey,  to  be  expended  by  the  latter  in 
making  tliene  investigations.  My  conference  with  the  ofilicials  of  the  G^eological 
Survey  has  shown  that  this  prop<isition  is  acceptable  to  them,  being  similar  to  the 
cooperation  now  in  force  with  the  Water  and  Forest  Association  of  California, 
and  also  with  officials  in  various  Stat4*s. 

I  trust  that  this  matter  will  int^et  your  hearty  approval  and  this  greatly  needed 
investigation  <'an  1m»  liegun  at  once. 

This  l(»tt<»r  was  refcrriMl  to  tho  Director  of  the  Geological  Survey, 
who  r(»pli<»(l  to  tlu^  Secretary  of  the  Interior  on  January  14,  1901,  as 
follows: 

I  liave  tin;  honor  to  jwknowled^e,  by  reference*  from  the  Dei)artment  of  Decem- 
b«?r  81 ,  for  early  report  and  return  of  tlie  jmiH^rs.  a  letter  dated  November  20.  from 
Mr.  B.  A.  Fowler,  president  of  tlie  Salt  Riv(»r  Valley  storage  committee. 

In  this  Mr.  Fowler  offers  to  c(M)i)erjit^»  to  the  extent  of  furnishing  $1,500  in  the 
investipition  of  the  water  resources  of  the  i)ortion  of  country' above  the  Salt  River 
Valley.  This  offer  of  c(K)iHTation  should,  in  my  opinion,  l)e  met  with  hearty 
approval  and  investigations  i)Ush(Ml  forward  energetically  in  those  regions  where 
the  jKJople  testify  to  the  nwd  of  this  work  by  furnishing  financial  aid. 

The  offer  of  the  Arizona  iH'oi)le  is  coini)arable  to  that  of  the  California  Water 
and  Forestry  AsscK'iation,  which  has  i)aid  one-half  of  the  field  expenses  of  similar 
investigations  in  California  during  the  past  year. 

Mr.  Fowler,  after  presenting  his  letter  of  November  20  to  you,  and  having  a 
personal  conversation,  filed  in  this  oflitre  a  coi)y  of  tlie  letter.  In  view  of  the 
nec(»ssity  of  l)egiiming  work  immediately,  while  the  climatic  conditions  are  favor- 
able, I  authorized  the  beginning  of  this  Arizona  work,  and  will  have  it  pushed 
forward  to  completion  if  it  continues  to  meet  your  api)robation,  as  I  understand 
informally  that  it  does. 

The  work  now  in  hand  consists  of  a  thorough  examination  of  the  drainage  basin 
of  Verde  River,  the  gaging  t)f  the  streams,  and  the  determining  of  the  water  sup- 
ply; this  latter  involving  the  survey  Jtiid  examination  of  ]x)ssible  reservoir  sites. 
After  tliis  is  completed,  it  is  possible  that  work  will  be  continued  on  the  Salt 
River  above  the  Verde. 
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Accopdin{5l3%  early  in  Janaary  the  invostigation  of  the  McDowell 
reservoir  site,  near  the  mouth  of  Venle  River,  wa«  l>egun.  MeaKure- 
ments  of  the  flow  of  the  river  were  also  Ix^gun  at  once,  and  borings 
were  made  in  order  to  ascertain  the  nature  of  the  foundation  for  the 
prox>OB€^d  dam.  While  the  borings  were  in  progress  surveys  were  car- 
ried on  to  determine  the  capacity  of  the  reservoir  and  the  cubical  C(m- 
tents  of  tbe  dam.  The  work  at  the  McDowell  dam  site  was  (;onclu<le<l 
on  April  20,  when  the  public  funds  available  for  the  work  were  almost 
exhausted.  About  this  time  the  water-storage  connniHsion  was 
appointed,  under  the  act  of  the  Arizona  legislature,  lis  follows* 

No.  65. 

/an  ACT  to  authoiiao  any  county  In  the  Territory  of  Arizona  having  an  amoflBed  valuation  of 
eisrht  miUion  doUam  or  over  to  prepare  plans  and  HiMciflcationH  for  a  Htorafre  reti^^oir  or 
reservoirs,  dam  or  dama,  to  acquire  the  site  for  the  flame,  and  to  pr<»vide  the  nwomary  fands 
to  defray  the  expenses  inenrred. 

Be  it  enctcted  by  the  legislative  assembly  of  the  Territory  of  Arizona: 
SKcrnoN  1.  Any  cotmty  in  the  Territory  of  Arizona  having  an  aHHesHed  valua- 
tion of  eight  million  dollars  or  over  may  avail  itself  of  the  benefitH  of  this  act  by 
compljring  with  the  provisions  as  hereinafter  provided.    The  Ixiard  of  supervisors, 
npon  the  x>etition  of  fifty  qualified  electors  and  freeholders  of  said  comity,  shall 
request  the  district  jndge  in  which  the  county  is  located  to  appoint  a  board  of 
water-storage  commissioners,  and  the  judge  shall  within  ten  days  thereafter 
apxM3int  five  qualified  electors,  who  shall  be  resident  freeholders  of  said  county, 
who  shall  be  known  and  desig^nated  as  the  l)oard  of  water-storage  commissioners. 
£ach  of  said  commissioners  shall  hold  office  for  one  year  and  until  his  Huccessor 
i»  appointed  and  qualified.    Before  entering  ui)on  the  duties  of  his  office  lie  shall 
give  bond  in  the  sum  of  one  thousand  dollars,  payable  to  the  said  county,  for  the 
faithful  performance  of  his  duty.    Said  Iwnds  shall  ])e  approved  by  and  filed  with 
the  board  bf  supervisors  of  said  county.    At  its  first  meeting  the  board  shall 
organize  by  the  election  of  one  of  its  meml)ers  as  i)resident.     It  shall  also  elect  a 
secretary,  who  may  or  may  not  l>e  of  its  numlier.     The  c()m|)ens{itiou  for  the 
members  of  said  board  shall  be  five  dollars  i)erday  for  each  day  actually  emjiloyed. 
They  shall  also  be  allowed  their  a(;tual  traveling  expenses.     The  salary  of  the 
secretary  shall  be  fixed  by  the  lx)ard.     The  Ixmrd  shall  establish  and  maintain  an 
office  at  the  county  seat  of  the  said  county.     It  shall  be  the  duty  of  said  water- 
storage  commissioners  to  examine  rest^rvoir  sites,  cause  to  be  made  surveys  and 
soundings,  determine  the  capatrity  and  estimate  the  cost  of  construction  of  said 
projiosed  reservoir  or  reservoirs,  dam  or  dams,  determine  the  extent  of  the  water- 
sheds and  rainfall  thereon;  to  collect  such  otlier  information  as  shall  show  the 
water  available  for  storage  use  in  said  comity  for  irrigating  ])urx)oses;  to  provide 
for  the  accumulation  of  such  other  information  as  may  l)e  recjuired  therefor,  and 
cause  abstrac^ts  therefrom  to  l)e  publislied  in  some  nt»wspai)er  published  and  of 
general  circulation  in  said  county:  to  employ  and  fix  the  comiK^nsation  of  a  com- 
I)etent  engineer  or  engineers;  to  prepare  i)lans,  s])ecifications,  and  (estimates  for 
said  reservoirs  and  dams  and  file  a  copy  of  the  same  with  the  clerk  of  the  board 
of  supervisors  of  said  county;  to  employ  and  fix  the  comi)ensation  of  legal  counsel 
in  any  matters  arising  under  tliis  act.  or  necessary  to  authorize  the  (;oustruction 
of  the  dams  or  reservoirs  referred  to  in  this  act,  and  to  select  the  most  available 
reservoir  site  or  sites,  and  to  acquire  the  siime,  together  with  any  rights  of  way 
necessary  over  public  or  private  proi)erty .  by  purchase  or  through  eminent  domain, 
in  the  name  of  said  county  of  Maricopa,  and  for  the  benefit  of  the  people  of  said 
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ooqnty;  and  to  negotiate  with  and  obtrinaipMBiflatofa^ 

tion  to  the  distribntionof  water  or  iti  ddiTsryto  tiie  point  of  ultimate  lue,  and  to 
cooperate  with  or  oontribate  towards  the  ezpenfles  of  any  inToatigatjona  now  being 
made  or  hereafter  to  be  made  l^  the  United  States  Geoiogical  Survey,  and  to 
transfer  to  the  National  Government  any  icsei'niirBtteorrigjhts  therein  or  thereto, 
or  connected  therewith,  which  may  have  been'aoqidzed  heraimidar,  in  iiie  event 
that  the  National  Government  shoaldnndBitake  tlie  cunsirueUanof  the  reservoir. 

Sbc.  2.  Fortheimrpoeeof  defraying  tiie  expenses  of  the  board  of  wster-storage 
commiasionerB,  the  board  of  sapervison  of  any  coonty  availing  itself  of  this  act 
shall  at  the  time  of  levying  Territorial  and  comity  taxes  in  tlie  yean  1901  and  1909 
levy  an  additional  tax  of  one  and  one-half  mills  on  the  doUar  on  all  **«Mo  prop, 
erty  within  the  said  connty,  to  becoIlectedasothertttBesarecoIlBotBd:  and  the  same 
shidl  be  denominated  and  known  as  a  water^torage  fond.  The  boaard  of  water- 
storage  commissioners  shall  andit  and  approve  all  bOls  for  expenses  incurred 
under  the  provisions  of  tiiis  act,  and  present  the  same,  together  with  the  claims 
for  their  salaries  and  expenses,  to  ihe  board  of  soperviaon,  iirlio  shall,  if  f oond 
correct,  pay  the  same  oat  of  any  money  in  the  water-stonga  fond. 

Sec.  3.  All  acts  and  parts  of  acts  in  conflict  with  the  provisiona  of  this  act  are 
hereby  repealed. 

Sec.  4.  This  act  shall  take  effect  and  be  in  fdroe  from  and  after  its 

Approved,  March  30, 1001. 

The  water-storage  eommi^ion  consisted  of  J.  T.  Priest,  Charles 
Gk>ldman,  W.  D.  Fulwiler,  Dwight  B.  Heard,  and  J.  O.  Peterson. 
Arrangements  were  made  by  which  the  oiBoers  of  fhe  Geological  Sur- 
vey were  to  prosecute  investigations  at  the  reservoir  site  on  Salt  River 
at  the  mouth  of  Tonto  Creek,  with  the  machinery  and  camp  eqaip- 
meut  of  the  Geological  Survey,  the  water-storage  commission  to  fur- 
nish subsistence  and  to  pay  the  laborers  and  incidental  camp  expenses. 
Boring  and  surveys  were  carried  on  for  about  three  months,  result- 
ing in  H  thorough  knowledge  of  the  foundation  conditions  for  a  high 
dam,  the  cubical  contents  of  the  same,  and  the  capacity  of  the  reser- 
voir site  for  each  10  feet  of  elevation  above  the  river  from  10  to  2<X) 
feet.  The  results  of  all  these  investigations  and  the  plans  founded 
thereon  are  given  in  the  following  pages. 

WATER  STORAGE  ON  VERDE  RIVEB. 

CHARACTER  OP  DRAINAGE  BASIN. 

Verde  River  rises  in  the  Black  Forest,  near  the  line  of  the  Atchison, 
Toi>eka,  and  Santa  Fe  Riiilway.  Its  general  course  is  a  little  east  of 
south,  draining  the  Black  Hills  and  Black  Mesa.  The  principal  tribu- 
taries from  the  east  are  Dragoon  Fork,  Oak  C/reek,  Beaver  Creek,  Clear 
Creek,  and  East  Venle  River.  All  are  of  considerable  length  and  come 
from  mountainous  country,  with  relatively  high  rainfall,  and  furnish 
the  main  portion  of  its  waters.  The  only  tributaries  of  consequence 
from  the  west  are  Walnut  Creek,  near  the  head,  and  Granite  Creek, 
which  rises  near  Prescott  and  flows  northward.  These  creeks  are  usu- 
ally dry.  The  total  area  drained  by  the  Verde  is  about  6,000  square 
miles,  ranging  in  altitude  from  1,250  feet  at  Camp  McDowell  to  over 
8,000  feet.     The  topography  of  the  basin  is  widely  varied  in  character. 
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Kear  the  headwaters  are  Big  Chino,  WilliamHou,  Little  Chino,  and 
Lionesome  valleys,  each  of  which  is  an  extensive  plain  yielding  little 
jrun-off  to  the  river.  The  greater  portion  of  the  basin,  however,  is  of 
a  mountainous  character,  being  cut  with  profound  canyons  and 
dotted  by  rugged  mountains.  Only  a  small  proportion  is  wooded 
and  the  soil  is  kept  nearly  bare  by  excessive  grazing.  ^Vh  might  lie 
•>exi)ected,  the  run-off  is  largely  torrential  in  character,  and  the  floods 
carr^'-  some  silt.  In  this  respect  it  is  not  as  favorable  for  storage  as 
the  basin  of  the  Salt. 

WATER  SUPPLY. 

The  flow  of  Verde  River  at  Mount  McDowell  was  directly  olMw^rved 
by  the  Hudson  Reservoir  Company  from  February  4,  1895,  h)  July  31, 
1896;  and  by  the  Geological  Survey  from  April  20, 181)7,  to  Noveml)er 
30,  1899,  and  during  1901.  The  balance  of  the  record  from  August  1, 
1888,  to  January  1,  1901,  is  derived  from  the  record  of  th<^  di.scharge 

!-  of  Salt  River  at  Arizona  dam  below  the  mouth  of  the  Venle,  ac(X)rd- 
-ing  to  principles  set  forth  on  i)age  24.  As  these  rec^ords  are  neces- 
sary ill  connection  with  the  study  of  the  duty  of  Salt  River  reservoir 

;  'they  are  given  by  months  in  connection  therewith,  on  page  20. 

The  monthly  discharges,  as  far  as  completely  known,  are  as  follows: 

EMmated  monthly  discharge  of  Verde  River  at  McDowell. 

[Drainage  area  0,000  aqoaro  miles.] 


Discharge  in  second-feet. 


Run-off. 


Montli. 


Angnst .... 
Septemlwr 
October ... 
Norember 
December. 


^y 


The  year 


1889.<i 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November 
December. 


The  year 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 


iaw.« 


Maximum.' Minimum.:    Mi«n. 


Total  in 
acre-feet. 


I 


Second- 
feet  per 
square 
mile. 


175 

2,880 

21,745 


IW  I 
213  I 
823  I 


10,480 

609  ' 

l,77:i 

mo ' 

13,180 

i,m)  1 

1,112 

499 

639 

118 

185 

107  1 

561 

140  ' 

:<?() 

191  1 

5<i2 

187  , 

352 

lUri 

315 

2»W 

12,l>wi 

279  ' 

13,180 

I 

6,r,i5  I 

<M,4HJ 
(J.7I9  ' 
415  I 
200  I 
202 

im 

3,760 


107 


57?< 
470 
I.IMI 
274 
12«) 
119 
1H7 
54({ 


I 


172 
168 
166 
421 
8,:i49 


10,547 

1 
0.03 

9,906 

.03 

10,178 

.(« 

25,050 

.07 

1       205,964 

.m 

261,785  I 


2,498 

158,611 

1,172 

65,060 

8,411 

209,749 

795 

47,:«)2 

197 

12,141 

141 

8.890 

208 

12,819 

2(H 

12,55»J 

250 

14,K80 

221) 

13,5:10 

288 

17,  \m 

2,843 

]74,M5 

1,018 


2,092 
4,. 544 

»wf  •!( rr 

:iB8 

174 

153 

22l> 

l,9rH 


r42,028 


128,685 

15:J,9H7 

21,896 

10.680 

9,121 

13.5:15 

117,074 


Depth  in 
inches. 


0.(K) 
.08 

.m 

.078 
.645 


.42 
.20 

.57 
.09 

.(e, 

.(12 
.04 
.(E{ 

.<4 

.04  I 
.07  I 

.IS  ' 


,:r> 

,70 

fJ2 

,06 

,m 
:t» 


.48 
.21 
.65 
.10 

.(& 

.08 
.04 
.08 
.04 
.05 
.04 
.77 

2~«^ 


.40 
.79 
.71 
.07 
.03 

.m 

.04 
.87 


oObtained  by  taking  proportional  part  of  th»  diwhHtvo  of  Suit  River  at  Arizouu  dam. 
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EHlimaf*'ii  imniihiff  tliMfhanf*'  nf  Vertle  Rin'r  at  Mvlknreil. — ContintUMl. 


Mt  tilth. 


Si'iit«*in)MT 

Oc-tnlM'r 

NoVi'IIiUt 


iMNi." 


Tin*  M'lir 


.Tiiinuiry 
Fi'lirmiry 
Mhii'Ii 
April  .... 
Miiy 

JuiHf 

July 

Au^iiM  . .   . 
St»i»t«'iiiU'r 
<K"to]>iT  . 
Novi'IiiUt 
Ducc*uitM-r 


i/ 

l.^".*!." 


Tin-  vi-ar 


Jiiiniury 

Kfbruiiry 

Miiri'h 

Aj>ril 

May 

Jiiin- 

July 

Au>cuHt . .   . 
S<'i»t«'iiilj«'r 

<  >i'tolHT  . 
X'»V«'llll«T 

lX"<'«.'iuU'r 


Tli«'  v«'jir- 


January 
Ft  "br  nary 
Man-h 
April  . 
^fliy  .    . 
Juiif. . . 
July.    . 
Aui^us-t  . 
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'i()l)tuini'«l  by  taklTur  ])rn]>iirti«>nal  i^irt  of  tlisi-hartr*-  i»f  Siilt  Riv«'r  at  Arizona  tlani. 
'' AiM»i"'»>^iuial*".  truni  inininnini  ili-i*har^ri'  n^'onli"'!  for  'yinn'  Tiionth**  in  l'.«n. 
''Ofitaini'il  by  takin^c  iir«»in»rtioiuil  jwirt  of  diwhar^oof  {<alt  Hivor  at  Arizoiui  iliiin.    Twing  Mr. 
Trott's  c'onii)Utatii»ns. 
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WATER   STORAGE    ON   SALT   RIVER,   ARIZONA. 


[HO.I 


EHtimated  monthly  discharge  of  Verde  River  ai  McDowell — Conthraed. 


Month. 


19()0.« 


Discharge  in  seoond-f eet. 


l>f iL-r<mntn 


January . . . 
Pebmary  . 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November 
December. 


The  year 


January . . 
February 

March 

April 


IWIl.fc 


Api 

May 

Juno 

July 

August 

September 
October  . . . 
November 
December . 


196 
211 
187 
125 
190 
75 
105 
555 
805 
40B 
2,460 
272 


2,400 


1,667 

6,613 

2,868 

221 

185 

164 

1,430 

1,765 

172 

495 

336 

201 


The  year 


6,013 


Minimum. 


179 

184 

144 

74 

46 


68 

92 

107 

168 

206 


86 


Mean. 


180 

109 

160 

88 

91 

62 

62 

151 

121 

188 

430 

224 


161 


304 

211 

165 

125 

60 

20 

163 

46 

82 

187 

247 


20 


851 
1,8G0 
805 
184 
130 
104 
210 
627 
98 
134 
246 
8S8 


420 


January . . 
February 


1902. 


262 

248 


197 

227 


239 


Total  in 
acre-feet. 


11,621 

11,046 

9,832 

6,218 

6,608 

8,106 

8,176 

9,295 

7,196 

11,252 

25,617 

18,775 


116,679 


21,576 

10B,2» 

55,018 

10,988 

8,606 

6,222 

12,916 

88,661 

5,614 

8,210 

14,671 

16,486 


301,  ta5 


13,785 
13,277 


Bun-off. 


Seecmd- 

f  eet  per 

oquare 

mile. 


Deptl 
inch* 


.03 
.08 
.OB 
.01 
.02 
.01 
.01 
.02 
.02 
.08 
.07 
.04 


.085 


.06 
.30 
.15 
.06 
.02 
.02 
.04 
.11 
.01 
.02 
.01 
.04 


.07 


i 


OB 
.04 


«  No  ob8(.»rvations  made  during  1900  by  United  States  G^eological  Survey.    Computations  i 
from  Mr.  Trott's  figures. 
f>  (.'omputations  made  from  ob8«^rvation»  taken  by  United  States  Geological  Survey. 

Two  storage  reservoirs  have  been  proposed  upon  Verde  River. 
Ilorseslioe  reservoir,  which  is  described  in  Water-Sui^ply  and  Irr 
tion  Paper  No.  2,  page  62,  is  situated  about  .'30  miles  above  old  Ca 
McDowell,  near  the  mouth  of  Limestone  Creek.  An  outlet  tut; 
has  been  cut  and  a  portion  of  the  canal  has  been  built,  but  work 
IxM^n  suspended  for  several  years.  The  capacity  of  this  resen 
would  l)e  about  200,000  acre-feet. 

McDowell  reservoir. 

This  reservoir  site  is  situated  above  IVIount  McDowell,  near 
moutli  of  the  Verde,  and  includes  the  site  of  old  Camp  McDow 
TIk^  <lam  sit<?  is  about  2  miles  above  the  mouth  of  the  Verde.     '1 
reservoir  site  was  suggested  and  partly  surveyed  by  Mr.  Frank 
Trott,  the  water  commissioner  of  Salt  River  Valley. 

BORIN'OS. 

Early  in  January,  lliOl,  field  work  was  begun  by  the  (Teolog 
Survey,  and  an  examination  of  th(^  IVIcDowell  reservoir  site  on  Ve 
River  was  mad(^     Two  pipe-driving  machines  and  a  diamond  d 
were  taken  to  the  ground,  and  l)orings  were  begun  to  determine 
position  and  charact-er  of  be<l  rock  at  (he  site  of  the  proposed  dam, 
W.  E.  Jones,  of  Des  Moines,  Iowa,  beini^  employed  as  drill  forem 
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ir 


I   Mr.  C.  R.  Olberg  wks  intrusted  with  the  ouiislruction  at  a  timp  of 

Bm-  reservoir  site  in  10-foot  contours,  on  h  acale  of  1,000  feot  to  ho 

inch,  ami  a  dotAilM  nmji  of  the  dum  sile  wjih  iiiwle  nn  a  wall-  «(  Um 

feel  to  an  incli.     The  field  work  was  under  th«  gfuenil  dirct-tinn  uf 

Mr.  F.  P.  Trott,  whose  duties  n»  water  i-onimiiiHioncr,  liuwcvi-r,  |iro- 

veiited  his  enntiiiued  pruxenoe  on  the  ^ntiiml,  no  tliut  tbit  iuiiuediiik' 

slmrKe  was  assigned  to  Mr.  E.  G.  Hamilton. 

Tho  Imrings  l>egHn  l>y  attempting  a  kI  rai^ht.  row  of  huleH  nloni;  the 

lis  of  the  dam  proposed  by  Mr.  Trolt.     The  <;onditionH  were  found 

lbs  very  difficnit.     At  a  depth  of  about  30  feet  a  l)ed  of  very  hard 

jenuited  gravel  was  encountered,  into  which  it  was  impoMtible  to 

nvflthe  pipe,  except  with  the  asnistanee  of  blasting,  but  which  wan 

Hsiifflciently  eoherent  to  be  claosed  as  solid  riH-k. 

The  work  was  also  hamperetl  by  the  fluctuation  of  the  river,  tho 

Rooclii   threatening    several    limeti    to   wreck    or    sweep    away   tho 


uphiiiery. 

AM 

^ 

llkf 

'/^''■^f 

— PIsn  of  barlnKB  at  McDuwoU  diun  Bi< 


liy  February  £«  it  liad  been  demonstrated  tliat  it  was  at.  lea«t  more 
liisn  70  feet  I«  bed  i-ock  in  hole  No.  i>  on  the  main  axis  of  the  pro[Ki8ed 
'lam,  and  the  work  being  hampered  here  by  fluctuating  water,  Mr. 
Tmlt  determiued  to  try  along  an  alternate  location,  shown  in  fig.  1, 
frtrther  upstream,  and  Ixtth  machines  were  wet  to  work  there  on  liolen 
^"w.  n  and  25.  The  former  was  soon  completed,  showing  a  depth  to 
■^k  of  21  feet.  The  machine  was  removed  to  the  site  of  No.  28. 
"■^fk  was  pushed  on  25  and  28  until  tho  former  reached  a  depth  of 
™  feet  without  striking  rock.  This  was  considered  a  prohibitory 
"^Ptli  for  this  location  and  the  machinerj-  was  returned  to  the  first 
"'^tion  to  continue  the  exploration  of  the  main  line.  This  was  com- 
P'eUd  on  April  20. 

^^e  location  of  the  borings  on  both  lines  is  sliown  ir  fig.  1.     The 
'*l»ths  of  borings  are  shown  in  the  table  following, 
IBB  73—02 2 


WATEH   BTOBAOZ    ON    BAXT   BIVEB,   ASIZOHA. 
Boringa  at  MeDowdl  dam  site. 


Bokf  numlxiT- 

« 

ffii 

Cbuvcb 

i 

n«f.  '■  Pett. 

s£? 

s 

1 

(JAPACITT. 

Capacity  n/  JUcDowell 


8,131 

i.uw   . 


PLANS   KUK  THE   DAM. 

'I'lu-  map  of  lilt"  n'KLTVoii-  site  was  iiindc  uii  a  scale  of  1,00 
an  inch,  with  a  n-oiitour  iutcrval  of  Hi  Tfot.  A  iwluced  outlin 
^jiv*-!!  ill  1*1.  I\'.  Tho  map  of  llii;  ilain  site  wtvs  inadfl  on  a  sea 
feetloan  inch,  with  a  contour  interval  of  5  feet.  A  reduction 
in  I'l.  VII. 

The  capacity  of  the  i-eservoir  is  very  laifre,  «o  far  m  it  goes 
practicabU>  heiglil  of  liam  is  limited  by  the  lieight  of  the  ea 
nient.  The  tol«l  excavation  to  Iwd  nick  is  large,  and  inue 
niat4.>rial  to !«'  excavated  is  liard.  At  a  depth  of  30  feet,  nion 
the  river  (gravel  is  underlain  down  to  l)ed  rock  by  a  very  hard  e 
mixture  of  sand  and  gravel,  which  would  Im^  very  e.vponsive 
vatt  ill  cjist! .",  lUitsonry  dam  was  coustrncli'd,  but  is  suHiciei 
to  HOive  as  foundation  for  a  rock-fill  struct  ur*.  The  cost  of  a 
dam  would  be  prohibitory.  The  nioderali'  height,  the  givat  len 
the  abundance  and  convenience  of  snitablc  rock  ai-e  all  at 
arguments  in  favor  of  Ihe  rock-lill  type,  and  it  is  without  d 
most  suitable.     The  most  ntiCavonibk'  feature  of  the  whole  p 
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character  of  the  east  abutment  at  the  dam  site.  The  granite  bed 
:  appears  on  the  surface  on  the  east  side  of  tlie  river,  but  seems  to 
>r  the  hill  on  a  nearly  horizontal  grade.  Tlie  hill  above  the  granite, 
eh  constitutes  the  upper  90  feet  of  the  abutment,  is  composed  of 
ndurated  mixture  of  coarse  sand  and  gravel  of  the  same  eliaracter 
he  foundation  described  above,  too  hard  to  excavate  with  a  pick, 
not  to  be  classified  as  rook,  and  inclined  to  disintegrate  up<m  expo- 
5  to  the  air.  It  is  probable  that  under  high  head,  water  might  per- 
»te  through  this  material  to  some  extent,  at  least  where  the  abut- 
it  is  thinnest;  and  to  insure  against  this  a  concrete  core  is  to  be 
■ied  into  the  hill  a  distance  of  about  3(X)  yards,  whore  the  hill 
)mes  over  1,000  feet  thick.  Supposing  this  core  to  be  6  feet  in 
kness,  the  excavation  and  nuisonry  would  cost  about  ♦rjOO  per  run- 
5  yard,  and  hence  would  add  |ilS(),(X)0  to  the  cost  of  the  construc- 
.  The  bond  between  the  concn»to  core  and  the  adjacent  natural 
osit  should  be  made  as  thorough  as  possible  by  filling  the  joint 
I  Portland  cement  concrete,  well  rammed  in  place,  so  that  there 
be  no  creeping  of  water  along  thc^  wall.  With  proper  precautions 
J  believed  that  a  dam  of  the  proposed  height,  120  feet,  could  be 
ily  built  and  maintained. 

t  the  site  of  the  dam  the  river  bed  is  composed  of  ordinary  sand 
gravel  to  a  depth  of  about  30  feet,  when  the  compact  cemented 
s^el  is  encountered.  The  depth  to  bed  rock  is  about  90  feet  at  the 
pest  point.  It  is  proposed  to  <!arry  a  concrete  wall  down  to  bed 
£  across  the  canyon,  at  the  upstream  toe  of  the  dam.  This  wall 
be  35  feet  thick  at  the  base  on  bed  rock  and  diminish  to  15  feet 
he  top.  Downstream  from  this  wall  the  river  sand  and  gravel  will 
excavated  down  to  the  cemented  material  above  nu^ntioned,  and 
n  this  will  he  founded  the  main  dam,  which  is  to  be  of  the  rock-fill 
3,  the  upstream  face  to  Ix?  on  a  slope  of  1  in  2,  and  the  downstream 
le  3  in  2,  with  a  top  width  of  20  feel.  The  rock  will  be  obtained 
n  the  mountain  of  granite  that  ris«\s  abruptly  from  the  west  abut- 
it.  The  rock  can  1)0  tran8])orUHl  down  grade  on  a  cable  way,  and 
3ped  on  the  dam  in  largo  l)locks,  from  a  considerable  height,  which 
serve  to  ram  it  solidly  in  placis  and  it  is  believed  very  little  set- 
lent  will  occur.  On  the  upstream  face  is  to  be  a  wall  of  rubble 
onry  resting  on  the  concrete  wall  tliat  goes  down  to  bed  rock.  The 
onry  will  have  a  thickness  of  20  foot  at  the  bottom,  diminishing  to 
et  at  the  top.  Against  its  downsf  roam  side  will  Ik)  built  the  mass 
Iry  rock  fill;  on  the  water  fact*,  whi<*h  will  have  a  slope  of  1  in  2, 
be  placed,  at  intervals  of  20  fi^et,  a  series  of  7-inch  steel  I-beams, 
1  extending  from  the  bottom  to  the  top  of  the  dam.  To  these 
ms  will  be  fastened  a  fioor  of  one-fourth  inch  steel  plates,  dipped 
^phalt  and  riveted  together  to  form  a  water-tight  skin  over  the 
re  water  slope  of  the  dam.  The  space  between  the  steel  plates 
the  masonry  will  be  filled  with  concrete  tightly  rammed.     The 
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coiicn^t4»  and  nihblo  whIIh  will  unito  at  the  ends  with  the  concrete 
c'on%  wlii<;h  is  to  ])e  mrried  into  the  east  abutment,  an  above  described. 

Th(f  outlet  will  lie  thnnigh  a  tunnel  of  concrete  built  through  the 
(lani  along  the  Ink]  of  the  river,  provided  with  Stoney  gates,  similar  in 
const  met  ion  and  mechanism  to  those  for  the  Salt  River  reservoir, 
illustrated  in  PI.  XXII.  All  wati^r  will  l>e  drawn  from  the  bottom  of 
the  rest^rvoir,  and  whenever  the  spillway  begins  to  discharge,  thegat<>6 
will  Im*  (»|M»iiod  to  full  capacity  for  the  purpose  of  discharging  the 
nmxiniuin  (quantity  of  silt  and  of  roenforcing  the  spillway. 

For  diverting  tin'  river  during  construction  a  temponuy  diversion 
dam  <;oul<l  Ik'  i>lace<l  aicross  the  river  about  4,000  feet  above  the  dam 
sitr,  and  the  wat<'r  diverteil  into  a  large  flume  and  carried  aloBgthe 
east  si<le  of  the  river  over  the  iM>rtion  of  the  foundation  where  gianite 
ImmI  rock  appt^ars  on  the  surface.  The  underflow  can  pxobaUybe 
sufH(Mrnt1y  checked  by  driving  sheet  piling  down  to  the  bed  of  inda- 
rat't'd  gravel,  with  which  the  valley  is  underlain  at  a  depth  of  aboat  30 
feet.  Aftor  the  dam  IxiiconieH  too  high  to  use  this  flame  the  discharge 
will  1k^  through  tho  outlet  tunnel.  The  flume  should  be  removed 
early  in  the  s])ring,  at  the  l)eginning  of  the  low-water  aeaaon,  and 
(construct ion  pushed  ni]>idly,  so  as  to  have  a  large  storage  and  dis- 
charge capacity  ready  for  the  first  flcxxl. 

SPILLWAY  PROVISIONS. 

Tli(»  gn^at<»st  11o<m1  that  ever  occurred  in  Salt  River  Valley  since  its 
s(»tt  louK'nt  <K'Curre<l  in  Fe])ruary,  ISIM .  It  is  described  in  the  Twelfth 
Annujil  Keport"  of  the  (leologiral  Survey,  as  follows: 

On  Fp})ruiiry  IT  th«'  iii«»iiii  dischargo  was  S35  second-feet,  increasing  the  next 
day  t^)  l.')i.O(X)  stMrou(l-fe»'t,  and  (m  tho  10th  to  276,000.  This  first  flood  diminished 
rapidly,  avorajdn^'  on  the  20tli  only  (JD.IOO.  and  on  the  iJ2d  14.890.  This  was  fol- 
lowed by  a  second  swell  greater  than  the  first,  the  flcnxl  increasing  until,  on  the 
24t}i.  a  niaxiiuuin  of  8(M).()()0  second-fcH't  wtis  reached.  This  subsided  ahnost  as 
rapidly  as  it  came,  so  that  by  tlie  second  day  after  the  river  was  carrying  less 
than  l.").0(M)  second-feet. 

The  drainajije  area  from  which  tliis  flood  was  drawn  was  consid- 
erably more  than  double  that.  ab()V(»  the  McDowell  reservoir.  A 
smaller  drainage  basin  is,  however,  liable  to  a  relatively  higher  flood 
discliarj^c  than  a  larj^er  o\u\  thouj2:h  tlu»  floods  are  of  shorter  duration. 
It  i^-  therefore  estimatcMl  lliat  the  basin  under  consideration  may  dis- 
charge a  flood  having  a  maximum  volume  of  -<X),()00  cubic  feet  per 
second,  or  two-thirds  that  of  1SI>1  at  Pho<»uix.  On  the  almve  assump- 
tions a  maximum  flood  hasbe^'u  hyiM)theeate<l  and  the  behavior  of  the 
reservoir  under  the  cireumstanees  investigated.  It  is  assumed  that 
the  r<»servoir  is  full  up  to  the  ])ot1om  of  th(»  sj)illway,  and  that  a  gi'eat 
flo(Ml  discharges  10(),(MH)  cubic  fe(^t  per  seeond  on  an  average  for  one 
hour,  and  increases  its  discharge  l(),lX)()  cubic  feet  per  sec(md  during 

rt  Twelfth  Ann.  R<»pt.  V.  S.  rt«M)l.  Survey.  Piirt  II,  p.  313. 
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iiir  for  eleven  hoiire,  »t  the  end  nf  which  time  it  hiw  renclie* 
imum  wave  of  200,(mh)  pubic  foot  per  second.  Th»  diBcImrge 
creases  in  an  arithmt-lica!  progressiou  for  twenty  hours  at  the 

5,00(1  second-feet  per  hour,  reaching  a  discharge  of  100,000 
feet  as  a  mean  for  tlie  tliirfy-firwt  hour.  The  spillway,  as 
I,  lias  a  t.ittil  lonjrtli  of  :mhi  f..,.i,  unil  its  Loltom  is  l.'>  feet  below 

of  the  dam.  Its  discharge  capacity  is  computed  from  the 
I  Q=HI  31fiO.  Assuming  that  the  gates  nill  be  opened  to 
lU  capacity  when  the  spillway  begins  to  discharge,  the  effect 
reservoir  of  the  hypothetical  flood  is  shown  in  the  following 


.  flood  in  McDowell  raervoir  with  apillway  900  feet  long. 
[Q-h'suo.] 
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COST. 

ollowing  estimate  is  bttHt-d  upon  llie  datji  at  hand  and  worked 
1 12,  lUO-2,  and  is  subject  to  nuKlification: 

of  the  ai«t  .>/  //.-■  McDinivll  rtwrvair.  oh  Venlt-  River,  with  capacity  of 
lsi-,,iioif  acre-feet. 

abic yardu  roik  fill,  at  no  cents  a  yard (306,700 

bic  yards  dry-laid  nibble,  iit$Sa  yard _ 156,310 

:,  or  117, 97S  ixumdn,  I  lieainH.  at  7  cents  a  ponnd 8, 258 

jnare  feet  qaart^r-inch  platex,  or  1,434,936  poonde,  at  T  cents 

i - -- - 100,445 
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Excavation,  58,667  cnbic  yards  cemented  gravel,  at  $1  a  yard $58,^7 

Excavation,  125,000  cnbic  yards  sand,  at  20  cents  a  yard 25, 000 

5,210  cnbic  yards  of  concrete,  nnder  steel  apron,  at  $10  a  yard 52, 100 

18,792  cnbic  yards  of  concrete  in  toe  wall,  at  $10  a  yard 187, 920 

Diversion  of  river 10, 000 

Oatlet,  gates,  tower,  etc 20,000 

Concrete  core  wall  to  be  carried  into  east  abatment 180,000 

Engineering  and  contingencies,  15  per  cent 209,331 

Right  of  way 20,000 


1,624,731 


Cost  per  acre-foot  capacity,  $8.74. 

WATKU  8TORAGE  OX  SAL.T  RIVER. 
CHARACTER  OP  DRAINAGE  BASIN. 

Salt  River,  though  nominally  a  tributary  of  the  Gila,  really  brings 
far  more  water  to  their  junction  than  does  the  Gila.  Though  it  drains 
a  smaller  area,  its  basin  is  much  higher  and  cooler  and  receives  an 
average  precipitation  far  beyond  that  of  the  Gila  Basin. 

The  drainage  basin  of  Salt  River  and  its  divisions  Ls  about  as 

follows: 

Area  of  drainage  iMisiii  of  Salt  River. 

Square  milcB. 

Salt  River  at  its  mouth 12,700 

Salt  River  at  Arizona  dam 12,260 

Verde  River  near  its  mouth 6,  OOO 

Salt  River  above  mouth  of  Verde 6. 260 

Salt  River  at  dam  site  below  Tonto  Creek 5, 7.>^ 

Salt  River  between  mouth  of  Verde  and  Tonto  dam  site 5(H 

The  elevation  at  the  uu)uth  is  about  1,000  feet,  while  some  of  tlu 
peaks  at  its  headwaters  exceed  1(),(>00  feet  in  altitude,  the  liighest 
Thomas  Peak,  being  given  as  11,400  feet. 

Rather  peculiar  conditions  exist  in  Salt  River  Basin,  which  favor  F 
large  water  supply  relative  to  its  drainage  area.  In  a  previous  pub- 
lication the  writer  has  described  these  <*onditi(ms,  as  follows:'^ 

The  southern  ]X)rtion  of  the  Territory  may  be  again  subdivided  into  two  portions 
that  draining  directly  into  the  Colorado  and  hing  to  the  westward  of  Prescott 
and  the  greater  portion  to  the  south  and  east,  which  forms  the  great  Gila  Rivei 
system.  The  Colorado  i)lateau  is  partly  of  igneous  origin,  and  a  great  portion  ol 
it  is  somewhat  pervious  to  water.  Its  northera  slope  for  a  considerable  distance 
from  the  summit  is  very  gentle,  and  though  the  ])recipitation  is  greater  than  ir 
most  portions  of  the  Territory,  it  is  very  meagerly  marked  by  drainage  lines  auf 
almost  destitute  of  water.  Sharply  contrasted  with  these  facts  are  the  conditions 
on  the  southern  slope.  Here,  through  most  of  it.s  conrse,  the  ])lateau  drops  off  wit! 
a  very  steep  slo^^e,  which  is  deeply  cut  with  drainage  lines  in  wliich  are  livinji 
creeks  and  rivulets  of  clear,  ])eautif ul  water,  such  as  San  Francisco  River,  Blact 
Creek,  Bonito  Creek,  White  River,  Camzo  Creek,  Cibicu  Creek,  Box  Creek,  Cherry 
Creek,  Tonto  Creek,  Wild  Rye  Creek,  East  Verde  River,  Pine  Creek,  Fossil  Creek 
Clear  Creek,  Beaver  Creek,  etc. 


n Irrijjration  near  Phoenix,  Ariz.:  Water-Supply  and  Irrigation  Paper,  l"^.  S.  Ge<:)l.  Survey,  N< 
2,  p.  15. 
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The  legicm  of  high  altitude,  as  before  remarked,  lies  largely  north  of  the  divide, 
while  the  great  bnik  of  the  water  flowing  from  the  platean,  as  proved  both  by 
erosion  of  drainage  lines  and  by  the  volume  of  permanent  streams,  flows  away  to 
the  south.  The  explanation  of  this  is  partly  the  porosity  of  the  strata  composing 
the  plateau,  which  allows  the  water  to  sink  instead  of  flowing  off  the  surface. 
Once  underground,  its  egress  to  the  south  is  favored  by  the  Hhorter  diHtance 
which  it  must  peroolate  on  a  given  gxt^e  before  reaching  a  surface,  due  to  the 
more  abrupt  slope. 

Another  partial  explanation  is  found  in  the  meteorological  a  mditioii.  The  mois- 
tme  of  this  region  is  brought  from  the  Pacific  Ocean  and  the  Gulf  of  California 
by  the  prevailing  southwest  wind.  As  this  wind  ascends  the  elevations  toward 
the  Colorado  Plateau  its  tempefature  is  lowered,  which  re<luces  its  cajiacity  for 
hnMing  moisture  and  increases  its  relative  humidity.  When  this  quantity  reaches 
100  per  cent  in  any  part,  precii^itation  occurs.  This  influence  continues  until  the 
wind  passes  the  summit,  where  the  process  is  reversed. 

As  might  be  expected,  therefore,  the  hydrographic  resources  of  the  country 
hmnediately  southwest  of  the  Colorado  Plateau  are  disproportionately  great  when 
compared  with  those  to  the  northward.  For  instance,  the  precipitation  at  Fort 
Apsche,  as  shown  by  a  mean  of  twenty  years*  observations,  is  19.75  inches,  the 
ekyation  being  5,050  feet,  while  the  precipitation  at  Holbrook,  at  an  elevation  of 
5,047  feet,  on  the  northern  slope,  is  8.47  inches,  as  indicated  by  the  mean  of  ten 
yean*  observations.  This  is  an  important  fact ,  especially  when  taken  in  connection, 
with  the  fact  that  the  great  areas  of  valley  land  with  a  semitropic  climate  lie  in 
the  aouthwestem  ix>rtion  of  the  Territory,  and  are  easily  covered  by  the  streams 
wliich  are  formed  by  the  conditions  above  described,  and  which  constitute  the 
nuun  features  of  the  great  Qila  River  system. 

The  topography  of  the  basin  of  Salt  River  proi)er  above  the  mouth 
of  the  Verde  is  nearly  all  of  a  rou^h,  mountainous  character.  The 
chief  tributiiry  above  this  point  is  Tonto  Creek,  and  about  half  a  mile 
below  this  stream  Salt  River  enters  a  profound  canyon,  with  precip- 
itous sides  and  narrow  bottom,  in  which  is  locat(»(l  the  ])roposed  dam 
site.  The  Salt  and  Tonto  both  occupy  comparatively  open  valleys 
above  this  gorge  and  have  a  moderate  fall.  The  com])ine(l  effect  is 
one  of  the  most  capacious  reservoir  sites  in  the  West.  The  dam  might 
be  built  to  a  height  of  300  feet  or  more,  if  such  a  height  were  justified 
by  the  water  supply. 

WATER  SUPPLY. 

Tlie  only  available  rainfall  observations  in  the  basin  tributary'  to 
the  proposed  reservoir  are  those  at  Payson  and  Camp  Apache.  The 
i^oord  at  Payson  is  so  short  and  broken  that  it  is  of  no  real  value  in 
the  discussion  of  the  watei*  supply,  so  only  that  of  Cam])  Apa<3he 
remains.  Fortunately  this  station  is  located  near  the  center  of  the 
basin,  and  the  recoi*d  is  reliable  and  complete  from  1870  to  dat^* — about 
twenty-six  years.  This  affords  excellent  means  of  obtaining  monthly 
and  annual  maxima,  minima,  and  means  at  this  point,  which,  so  far 
*8  known,  may  be  assumed  to  rei)resent  an  average*  of  the  entire 
basin  as  nearly  as  any  one  point  that  might  be  selected. 
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The  valaes  tliuM  obtained  cover  the  periodfl  from  Aagost  1,  1888, 
to  December  31,  1894,  and  from  December  1,  1899,  to  December  31, 
1900,  Observations  of  the  discharge  of  Salt  River  above  the  Verde 
were  taken  direct  from  Febraary  4, 1895,  to  July  31 ,  1896.  During  this 
period  direct  observatlous  were  made  by  the  Hadson  Reservoir  Com- 
pany, and  from  April  20,  1897,  to  November  30,  1899,  by  the  Geolog- 
ical Survey.  The  dischai^e  from  February  27  to  December  31,  1901, 
was  obser\'eti  at  the  reservoir  site  and  requires  no  re<luction. 

The  storage  of  flood  waters  on  Salt  River  will  not  only  utilize  such 
waters  by  holding  them  until  needed,  but  will  greatly  increase  the 
utility  of  the  floods  of  the  Verde  River  by  providing  a  much  lar^r 
irrigated  area  to  receive  such  floods,  and  at  the  same  time  holding 
back  the  waters  of  the  Salt  as  long  as  the  Verde  is  able  to  fill  the 
requirements.  An  examination  of  the  records  shows  that  with  snch 
manipulation  the  Verde  will  usually  supplj' all  requirements  during 
the  four  months  of  December,  January,  Februarj-,  and  March,  and 
that  a  very  large  proportion  of  the  flood  waters  of  the  Verde  which 
r.ow  run  to  waste  would  be  thus  utilized. 

The  record  since  1888  is  taken  in  connection  with  the  proposed  res- 
ervoir and  660,000  acre-feet  annual  consumption,  and  from  this  a 
table  has  lieen  constructed,  showing  what  would  take  place  if  the 
pant  experience  should  be  repeated  after  the  construction  of  the 
feaervoir. 


.. 

fl 

' 

~ 

1 

1 

" 

i  / 

1 

,' 

TY    0 

y 

\ 

\/ 

n 

„ 

\ 

\ 

V 

\ 

\ 

-1 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

^ 

^ 

\ 

. 

j  \ 

\ 

1   V 

vciir,  oiwrateil  Iti 


imnwrtlon  w 


b  Verdo  River,  a 


The  drainage  area  boUvocii  llu'  leservoir  anil  I  he  mouth  of  tli«  Verde 
is  nearly  10  per  cent  of  the  whole  area  alwvo  the  Verde,  and  there- 
fore to  reduce  the  dischai-ge  of  Ihe  Salt  to  that  intei-cepti-d  at  the 
reservoir,  the  discliiirge  at  the  mouth  of  the  Verde  was  reduced  by 
about  10  per  cent,  this  pereentafjo  iK^ing  slightly  mfxlifled  according 
to  the  season.     Fn>iii  these  data  and  euniputatious  the  tables  of  dis- 
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('Iiai';r<'s  t'orilir  V<*nlr,  at  McDciwell,  and  Salt  River  at  the  reservoir 
sil(\  \v(*r('  iilMaiiHMl.  In  n*(lu<'in^  tlu^  (1iHchar}j:i^  of  Arizona  dm  to  the 
i-(M|uinMl  amounts,  tlio  following  {K^ret^ntageH  were  used: 


Kstinnitni  nintit/iitf  tlinrhitr\]t'  at  Mvlknrell  and  Salt  River  reaervoir  tttm,  inptr- 

tu'iittitft'  nf  totat  at  Arizona  dam. 
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'.orj/of  Salt  River  BetenxHr,  operated  from  1889  to  1901,  ete.— Oonthmad. 


3'i  WATKR   t^roBAUK   l»N    SALT   BIVKK,   AKIZONA.  !»■•» 

Thia  tHblp  Mhnwti  that  if  tlif  proposed  reservoir  v/etv  of>eralj>4l  iu 
nmjuiiotioii  with  tho  UHtiinil  fliiw  uf  thu  Vorde  River,  and  hd  auniiAl 
mipply  of  iliiO.iliXI  wire-foot  wwro  desired,  this  pould  hiive  be«n  fur- 
iiishwlevtnvv  yiwr  in  thi' rv««nl  oxoept  lidK).  In  Ihatyoor  then- wimlU 
have  bet'u  a  Khurta^i*  of  about  10  p»r  cent.  It  is  twli^ved  timl  sm-li  n 
sborta(;e  i»  i>ermi»tibU>  inastorago  projppt  if  it  d(M'n  not  oi-o»ir  i>ft*'iii-f 
than  om-n  in  say  Umi  yeai*,, which  in  the  fat-t  in  the  proseiit  i-a-s.-. 

The  duty  of  OfSO.OiXi  acre-feet  i>er  annum  is  that  of  tlio  combiiitii 
Salt  and  Verde  rivers,  with  a  reservoir  on  Salt  River  operated  in  oon- 
jimetion  witli  the  Verdu,  the  waters  of  Salt  River  being  held  in  Ihe 
reservoir  a«  long  as  the  waten*  of  tlie  Verde  »re  sufficient  to  supply 
demanilH.  If  the  flooil  waterM  of  the  Verdt-  aiv  lo  be  stored  and  used 
independi'iit  of  Salt  lliver  they  will  not  Ix"  available  for  tbiw  use,  aiid 
the  manipulation  of  Salt  River  reservoir  will  be  radieally  dififerpnl. 
Under  these  eonditious  the  draft  on  the  reservoir  becomes  constant 
the  year  around;  the  requirement  for  storage  is  lessened,  and  the  irri- 
gation duty  of  Salt  River  alone  is  of  course  muuli  less.  Our  reconis 
indiwvle  that  a  duty  of  aliout  450,000  aere-feet  ean  lie  dei>ende<l  upon 
by  using  the  rest  of  our  storage  capacity  for  reser^'c  storage, 

SALT  RIVER  RESERVOIR. 

BOKINUS. 

Borings  wlm'o  mmle  to  iwd  rock  at  31  points  in  the  canyon,  on  four 
different  lines.  The  ttint  trial  was  made  near  tlie  upi>er  end  <if  the 
canyon  near  the  site  selected  by  the  Hudsftn  Reservoir  Company. 
Five  holes  were  here  drilled  to  rocilf,  the  deptli  in  two  of  them  being 
44  and  (34,5  feet.  These  results  are  shown  in  iig.  3.  Another  site  was 
then  selected  about  l,(iOO  feet  downstream,  and  conditions  were  so 
mueli  more  favorable  that  a  more  thorough  exploration  was  made, 
and  tlie  greatest  depth  tieiiig  less  than  half  tliat  found  al»ove,  the 
lower  Bit«  wtis  decided  upon.  Fig.  4  shows  profiles  of  these  Iwiriu^'s. 
Following  is  a  complete  list  of  the  borings. 


Fin.  8.— ProBIe  of  borltiitK  at  HndBon  Ke«erTi>!r  Compnny'ii  dMU  site. 
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Fio.  4.— I*rofiles  of  }K)rin^rs  at  Salt  River  dam  site. 
linriinj.s  (tt  Suit  Rinr  dam  site. 

No. 


Bod  Total 

rock.        dopth. 


(  liurartvr  «»f  nn-k. 
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Do. 

24.  (»  , 
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Boringn  at  Salt  River  dam  site — Contintied. 
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Black  slate. 
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30.7  Do. 
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23.0  Do. 


CAPACITY    OF   RESERVOIR. 


T\w  capacity  of  the  reservoir  was  dt^termined  by  a  i)lane-tabl 
V(\V  for  cadi  U)-foot  contour  to  a  lici^ht  of  200  foot  above  tlie  l)ed 
river  ill  th(»  i^orj^c.     Tlicse  cai)acitics  an*  ^iven  in  the  following 

( 'itpacitt/  of  Salt  liin  r  n'sen'air. 
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will  be  noticed  that  for  a  dam  of  a  height  of  less  than  100  feet 
capacity  of  the  reservoir  formed  is  not  extraordinary,  but  above 
height  it  increases  more  rapidly,  and  at  a  height  of  200  feet  is 
iy  a  million  acre-feet.  It  wonld  be  entirely  practicable  to  con- 
}t  a  reservoir  of  several  times  this  capacity,  but  this  is  not  justi- 
by  the  conditions;  the  limit  to  the  economical  height  of  dam  is 
rmined  by  the  supply  of  water  available  for  storage. 

PLANS  FOR  THE   DAM. 

le  gorge  on  Salt  River  is  an  especially  favorable  site  for  a  masonrj- 
,  and  the  most  permanent,  conservative,  and  secure  form  of  high 
that  is  known  to  engineering  science  can  be  constructed.  The 
ation  is  sedimentar}',  with  the  strata  inclined  at  an  angle  of  about 
o  the  horizonal,  dipping  toward  the  reservoir,  a  most  favorable 
ition  for  retaining  stored  waters  and  for  the  stability  of  the 
.  The  foundation  and  abutment  of  hard,  tough,  fine-grained 
Atone  are  all  that  could  be  desired.  Building  stone  of  the  same 
jrial  is  at  hand,  and  above  the  site.  As  elsewhere  set  forth,  good 
land  cement  can  be  made  in  the  vicinity.  Sand  for  mortar  can 
obtained  from  the  river  bed,  but  will  have  to  be  washed  and 
3ned,  and  it  is  thought  that  the  best  plan  will  be  to  manufacture 
[  by  crushing  quartzite,  which  occurs  in  abundance  near  the  site, 
will  provide  an  ideal  sand,  and  as  power  is  abundant  its  cost 
not  be  great. 

le  dam  must  be  so  designed  and  constructed  as  to  be  safe  from 
ruction  by  any  or  all  of  the  forces  acting  upon  it.  It  is  possible 
t  masonry  dam  to  fail  in  any  one  of  three  ways:  1.  By  overturn- 
2,  bj'  sliding  on  the  base,  or  on  any  horizontal  joint;  3,  by  crush- 
ts  foundation  or  masonry  near  the  base.  A  factor  of  safety  of  at 
;  two  is  secured  against  overturning  by  so  designing  the  dam  that 
?r  all  conditions  tlie  resultant  of  all  the  forces  acting  will  fall 
in  the  middle  third  of  any  horizontal  joint.  This  also  eliminates 
>ossibility  of  any  t(»nsile  strains  in  the  masonry,  a  very  desirable 
It.  The  same  condition  also  secures  safety  against  sliding,  which 
sured  in  a  still  greatei-  degree  by  constructing  the  masonry  of 
om  rubble,  and  by  the  use  of  hydraulic  mortar,  bonding  it 
bher  and  to  its  bas(^,  so  that  it  becomes  a  true  monolith — a  part  of 
lolid  rock  to  which  it  is  firmly  joined.  Under  these  conditions  a 
)  margin  of  safety  is  provided,  as  the  stnictiire  can  not  slide  with- 
ihearing  the  masonry.  In  addition  to  these  j)recaTitions  the  dam 
ned  is  to  l)e  built  in  the  form  of  a  circular  arch,  grejitly  increas- 
its  safety  against  both  sliding  and  overturning.  In  fact,  neither 
)ccur  without  overcoming  the  gravity  and  cohesion  of  the  masonry, 
also  crushing  the  masonry  or  abutments.  The  t^)tal  factor  of 
iy  against  failure  by  the  lirst  and  second  methods  can  not  be 
tly  known,   but   it  is  unquestionably  very  great.     The    third 
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iiKMliod,  itint  (»r  ilir  ci'iishiii;:  of  tlio  llm^<(>nr^^  is  not  affei'tedl^l 
(Mirv('(t  ])laii.  ami  thrn*  is  nN)iii  for  f*oiisi<lorH))h*  difference  of  (^ 
as  to  wliai  arr  safr  limits  of  [)n»ssiire.  Tlu»  l)4*st.  ^iiide,  when  into 
^ri'Mtly  fnllowcil,  is  tin*  «v\iMTi«MU*«»  of  ilu*  past.  The  following  toi 
^ivos  [irrssun's  in  suiih*  oxislin;:  stnn*tuit»s: 

I*n .sMiin H  nil  imiMOin'if  hi  r.i'isllnti  HtruftiirfH, 
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Hn-oklyii  Hriilk'*-      

WiiHliiiiirt'iii     MiiDiiiiii'iit.     in 

wiiitl. 
St.L'mis  Hri«liri'.  li'-fiiri-  ''"in 

lil«'ti(iii. 
S«iuth  StriH't  Hriil-i'.  Philiuli-l 

pliiii. 
Ko"kfry  Hiiililiii^.<*hi«'air<>    .. 

\h-Mr  Vull«'V  <liiiii 

All  SaintM*\ ']nir'-h.  An^rtTs 
ChnjittT  Hnuw.  Kl^'in         ..     . 
StJ^auls.  Loiiil.in  ... 

St.Pi'tfTV.  R«»iii«' 

Viirioiisiiri'lj  l^n^l^r^■^»    ...     . 
(.^iiakfr    Bridir*'    <lain    ipro- 

Ariimnzti  (luiii  •:ii>')  vi'ur>  ulil  ■ 


LiiiH->^tniH>    ruliltli'.    linn* 

TiHiitar. 
Uniiiiti*  inaH.iiiry      .     . 
Cut  iiuirlth* 

Cut  lillicstntii' 

•  io        


Cut  ^raiiitr 

(vninitf  niMilc  . 
ForTii'aux  st«»n" 

KtHi  sjillilstnui>  .  . 
I'iM'tlaiKl  liiiK'stutii' 
('ah.'ari**  ins  tufa 
<  'ut  iijaM4tur>- 
Kultblf  iiia*44>nrv  . . 


:ii».T     I.O.Baker. 


i.v 

441. 


Dary*«  &  Xayer. 
Col.T.L.OMe}-. 


o    HiNtnry  St.  Lonb 

p.  870. 
7     TranA.  Am.  Hoc.  C.  E..  Vgl) 

VU.p.Wft. 
n    I.  O.  Baker. 
0  •  J.D.Schnvler. 
o    J.T.Fannin|c.p-4('l 
0  Do. 

T  Do, 

T  Do. 

n  Do. 

H    Kop.  Aqnednrt  r'iin..}>.%' 


1' 


U' 


14. :|    Edward  WpfTiuan.p-t 


\'ttriinis  1,1'fHrinirutfii  fisfs. 


Miiloriiil  ■  ru*li»'<l. 


< 'c.n''T*«'ii'  |iri>iii«- cut  frMiji  Vrviiwy  «ljini 
( Jraiiit*' aslihir.  with  ni<irtar  f :  ■' 
Ssiriil-t'iiii' rul»lil«'.  ni«»rtar  I::' 
SainNtntii' rulil»l«".  iii«»rtar  1   :; 
(inivrl  I'lmrrrti-  I : :.':  '.i   .    . 
<4ntv«'l  iMiiii  ri-Ti«  1 .  :\:  7,   ... 


Pi\'H.>iniv 

S4iuan» 

f.M»t. 

Authority. 

Tnns. 

isi 

Sir  Aiidn»w  Clark. 

.-•K{ 

Au«4trijin  So«'it»tv  E.A.-  .V 

iV) 

D<». 

1?<4 

Do. 

V£X 

D<.. 

m 

Do. 
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wiM-c  Irstrd  Ml  ilic  ruitiMl  Slates  Na\\-^'anl,  in  \Vasliiii«^ton. 

Sample  No.  1  rrii^lnMJ  at  •JjII^"  poiiiKls.  or  is-j  ions  per  square  lo«»t. 

Sample  No.  '1  cni^hrd  al  '^,'^|o  pomnls.  or  »•.*)»',  tons  [mm*  sciuare  r<n»T. 
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Samjjh' N(».  J  ei-u.^lied  al  ino.ooti  pounds,  this  Ixdn^  l,SiK>tons  p«M* 
S([Uare  tool.  Tlh'se  results  ai"e  no  liinh  tliat  the  siren<;th  of  the  nu'k 
is  entirelv  (diminated  t'l'oni  the  discussion. 

Test  No.  I.  in  the  aboxc  tahl'*,  made  h\'  lh<' Austrian  S()ci<»tv,  i-^ 
\K'vy  neai'ly  r<'pres<'ntat  ive  of  the  nuisoniy  lo  he  used  in  the  propositi 


>     *  l1 


\ 


\: 


18.]  PLANS   FOR    THE    DAM.  37 

t  River  dam.  A  coefficient  of  safety  of  10  in  sucli  masonry  would 
'mit  of  pressures  of  over  25  tons  i)er  square  foot.  As  will  api)ear 
jr,  the  maximum  pressur(»s  iwrmitt^ed  in  the?  projmsed  dam  will  be 

below  this  figure. 

^he  recorded  failures  of  hi^h  masonry  dams  are  as  follows: 
it  the  Habra  dam  in  Algiei-s  jmoi*  hydraulic  lime  was  used,  and  a 

earth  with  a  large  percentage  of  clay  was  used  in  the  mortar 
tead  of  sand.  Tliis  combination  made  a  poor  mortar,  and  the  rock 
3  also  poor,  lx>th  in  the  masonry  and  the  foundation,  l)eing  a  cal- 
eous  grit  of  varying  quality,  and  all  i)orous.  It  is  supi)(>sed  that 
I  failure  occurred  by  the  crushing  of  tlie  foundation  under  a  com- 
ed  stress  of  13.3  terns  per  sc^uare  foot. 

it  the  Bouzy  dam  in  France  the  foundation  was  fissured  and  per- 
able  and  not  on  solid  rock,  allowing  an  immense  upward  hydro- 
tic  pressure;  the  section  was  so  light  as  to  permit  git^at  t<Mision  in 
{  masonry  in  the  back.  It  was  straight  in  plan,  and  when  the  reser- 
r  was  nearly  filled  the  central  i^ortion  of  the  wall  was  shoved  for- 
rd  al)out  a  foot,  causing  rui)t  ures  and  leakage.  This  was  af terwaixls 
»aired  and  the  foundation  reenforccd.  Six  years  later,  wlu^n  the  res- 
oir  was  full,  the  dam  suddenly  overturned  at  a  plane  about  33  feet 
ow  the  top.  The  above-recited  defects  were  the  undoubted  cause. 
Kt  the  Puentes  dam  in  Spain  the  central  portion  of  the  dam  was 
inded  upon  piles  driven  in  earth.  When  the  rising  water  applied 
leavy  hydrostat ic  i)r(»ssure,  this  portion  of  the  foundation  suddenly 
v*e  way  and  left  the  top  and  ends  of  the  dam  standing  in  the  form 
an  arched  bridge. 

rhe  dam  at  Austin,  Tex.,  was  an  overflow  dam  built  of  limestone 
l)ble,  the  stone  being  very  soft  and  of  poor  quality.  The  founda- 
n  was  on  a  geological  fault,  and  was  of  soft  limestone,  in  thin,  hori- 
ital  layers,  which  had  little  adhesion,  and  probably  very  little 
ction  upon  one  another,  and  the  failure,  which  was  by  sliding,  is 
pposed  to  be  due  to  this  fact. 

[n  all  four  of  the  above  cases  the  foundation  was  defe(*tive.  In 
•ee  the  stone  was  poor  and  in  two  the*  mortar  was  poor.  All  were 
aight  in  i)lan  excei)t  the  Puentes,  which  was  i)olygonal  in  plan  an<l 
>hed  upstream.  This  dam  seems  to  have  Ix^eu  very  well  planned 
d  constructed,  exc(*pt  for  the  on(»  fatal  defect  of  being  founded  on 
es  instead  of  solid  rock. 

A.11  of  the  defects  in  these  failnrrs  can  easily  he  avoidi»d  in  the  ])ro- 
sed  dam  by  a  reasonable  application  of  caiv  and  skill. 
The  proposed  dam  is  designjMl  to  ])e  -217  feet  abo\'('  low  watc^r  in  the 
er  at  the  dam  site  and  to  ston*  water  at  a  inaxiiuuin  (h'pth  of  T.M) 
^t,  the  total  height  of  <lain  al)ov<'  lowi^st  foundation  iM'ing  about  '2M 
?t.  Spillwaj-s  -0  feet  deep  will  Ik*  excavated  in  the  solid  rock  sides 
the  canyon  and  the  rock  used  in  t lie  construction  of  tlu'dam.  The 
nation  lends  itself  admirably  to  a  curved  form  of  dwuv.  U\\^  ^v\\\w 
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oontainiiiff  but  little  more  material  tluu  m  straight  one 

section.    The  proposed  struetore  is  to  be  buflfe  on  a  di 

convex  upstream,  tlie  back  having  a  radius  of  400  feet  an 

shorter  radius  from  the  same  center.    The  dam  is  to  be  o^ 

rubble  masonry  and  to  have  a  section  on  modem  oonseh 

as  a  simple  gravity  structure,  and  the  added  stability  due  t 

form  will  greatly  increase  its  factor  of  safety.    The  rock  o 

dam  will  be  constructc^d  will  be  excavated  from  the  spillv 

a  tough,  close-grained  sandstone.    A  sample  was  taken  fro 

of  the  canyon  and  tested  for  specific  gravity  in  the  labon 

United  States  Geological  Survey.    The  following  are  tb 

this  test: 

Speetfie  gravitiot  of  two  apetimeiu  of  mutdUone, 

L  Determined  on  Imnpe. 

A.  In  ordinary  distilled  water  as  quickly  as  poaHde. 

No.  1.— Specific  gravity,  2.42  at  room  temperataTB. 
No.  2.— Specific  gravity,  2.47  at 'room  temperataTB. 

B.  After  soakiiig  in  di8till«d  water  24  bonrs. 

No.  1.— Specific  gravity,  2.44  at  room  temperataTB. 
No.  2.— Specific  gravity,  2.49  at  room  tempnatore. 

C.  After  standing  in  distilled  water  nnder  the  air  pomp  for  S 

No.  1.— Specific  gravity,  2.50  at  room  temperature. 
No.  2.— Specific  gravity,  2.52  at  room  tempsratuie. 
n.  Determined  on  the  powdered  samples.  ^ 

No.  l.-^pecific  gravity,  2.583  at  21.5  C,  compared^ 

same  temi)eratnre. 
No.  3. — Specific  gravity,  2.611  at  17.5  C,  compared  ' 

same  teini)eratnre. 

Tests  for  crushing  w(»ro  also  mmle  and  are  given  on  j^ 
The  rock  is  to  l)e  uschI  in  as  large  pieces  as  practicable, 
make  the  number  of  joints  as  few  and  the  quantity  of  moi 
as  may  be.  It  is  estimated  tliat  the  rock  will  occupy  70 
the  structure.  Fifteen  per  cent  will  consist  of  cement 
which  the  stones  are  l)edded,  an<l  15  i>er  cent  will  consla 
concrete  ramm(»d  into  the  vertical  joints.  Taking  the  wi 
mortar  as  115  pounds  per  cubic  foot  and  that  of  the  eon 
pounds,  the  masonrj'  will  weigh,  as  nearly  as  can  be  esl 
pounds  to  the  (uibic  f(K)t.  On  this  estimate  the  strainfi 
computed  and  the  section  of  tlu»  dam  <lesigned.  As  th< 
serve  as  a  highway,  a  top  width  of  10  feet  has  been  a/6 
parapets  along  the  sides.  The  set^tion  adopted  is  the  smal 
ent  with  the  necicssary  top  width,  and  with  the  requirem 
resultants  of  all  forces  acting  u\)ou  the  dam  shall  be  i 
within  the  middle  third.  The  pn»ssure  on  the  toe  when  t 
is  full  will  be  15.9  tons  per  square  foot,  computed  on  the 
that  the  dam  is  a  rigid  monolith  and  nonelastic.  Any 
may  have  w^ill  tend  to  relieve  this  pr(»ssure.  The  maximi 
pressure,  16.64  tons,  occurs  at  the  heel  when  the  reservoi 
wJth  a  strong  wind  blowing  upstream. 
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The  table  on  p.  36  shows  fourteen  instances  with  pressures  gi^eater, 
'  some  of  them  many  times  greater,  than  those  in  the  proposed  dam. 
The  following  sx>^cifieations  are  proposed  for  the  dam : 

SPECIFICATIONS  FOR  THE   CONSTRUCTION   OF  THE   DAM. 

Diversion  of  the  river, — The  diversion  of  the  river  will  be  aecom- 
l  plished  b}'  means  of  sheet  piling  driven  as  ileeply  as  practicable 
'-'  directly  across  the  canyon,  l>eginning  at  the  south  side  and  rt»a<:*hing 
:   as  nearlj'  as  practicable  to  bed  rock,  the  piling  to  be  reenforced  at  and 
a'bove  the  surface  b}^  a  heavy  wall  of  sand  antl  gravel  excavated  from 
the  site  of  the  dam,  the  water  to  l)e  diverted  tlirough  tlie  outlet  tunnel, 
'^rhich  will  be  constructed  in  advant^e.     Tlu»  gravel  wall  will  Ik?  built 
at  least  1  foot  higlier  than  the  lop  of  the  outh»t  channel  for  thrt^e- 
ITourths  of  its  length,  about  50  fei»t  of  the  southern  end  of  the  embank- 
ment being  left  at  an  elevation  G  feet  lower,  to  bo  utilized  as  a  spillway 
for  excessive  floods  which  may  occur  too  large  for  the  capacity  of  the 
'    Outlet  tunnel.      The  excavation  fcu'  foundation  will   begin  at  the 
'-.    Southern  wall  of  the  canyon,  and  as  rapidly  as  completed  to  solid 
foundation  will  be  filled  with  masonry.     As  soon  as  40  or  50  feet  of 
the  southern  end  of  the  foundation  is  completed,  a  woo<len  flume  will 
V>e  i)laced  at  the  above-mentioned  spillway  on  the  (Mubaukment,  reach- 
Siig  downstream  over  the  completed  portion  of  the  foundation,  dis- 
charging into  the  stream  bed  at  least  300  feet  downstream  from  tlie 
toe  of  the  dam.     This  flume  will  be  al)out  1,<^10  feet  long,  and  in  that 
distance  will  have  a  fall  of  nearly  8  feet,  whicli  will  give  it  a  high 
velocity  and  enable  it  to  discharge*  any  floods  likely  to  occur.     The 
pumps  employed  in  diying  the  foundation  excavations  will  (lis(*harge 
into  this  flume. 

In  case  sheet  piling  can  not  be  <l riven  deep  enough  to  cut  off  the 
underflow,  pipes  shall  be  <lriven  along  the  lino  across  the  <*anyon  and 
cement  grout  pumped  in  until  the  desired  result  is  obtaine<l. 

FoutuJafion. — All  earth,  sand,  gravel,  bowlders,  disintegrated, 
loose,  and  seamed  rock  will  be  (excavated  and  removed  from  the  entire 
area  of  the  base  of  the  <lani  in  order  to  secure  a  firm  foundation  on 
solid  rock.  Explosives  shall  not  Ix^  used  in  excavating  the  rock 
unless  absolutely  necessary,  and  when  used  shall  b(»  only  in  small 
quantities  and  in  shallow  holrs  t(>  avoid  fracture  of  the  rock  forming 
the  foundatiim  of  the  dam.  Tlic  entire  foundation  sliall  be  thor- 
oughly washed  with  wire  brooms,  first  with  water  and  then  with  thin 
cement  grout.  Throughout  the  length  of  the  foundations  a  trench  (> 
feet  wide  and  G  feet  de<'p,  lo  feet  fi-om  the  In'cl  of  the  dam  and  par- 
allel thereto,  shall  be  cut  in  the  solid  rock  of  tlu*  foun<lation. 

Masonry. — Tlu^  main  body  of  th<»  dam  shall  be  const ruct<Ml  of 
brok<*n  rang(^  c^^elopean  rubble.  TIm*  stone  shall  be  (|uari"icd  from 
the  walls  on  each  side  of  4he  canyon,  shown  in  the  drawing  as  i)ro- 
posed  spillways.  If  a  sufllcient  quantity  of  hanl,  finc^-grained  stone 
can  not  be  obtained  in  tlwse  s])illway8  it  shaW  \>e  i\w^^^*^"^^'^'^^'^'^^'^^'^'^^'*^' 
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All  Mono  sliall  Im'  thoroughly  washed  and  laid  iu  Portland  et^iiuMn 
mortar,  and  «»ach  ston«»  shall  Im?  laid  on  its  larjrest  \\ed.  The  ston^ 
for  tin*  upstn^ani  faco  shall  lx»  roujrh  pointful,  80  as  to  lay  with  hori- 
zontal ImmIs  an<l  verti<*al  joints.  No  mortar  joint  in  the  face  shall 
exeee<l  1  inch  in  ihiokness.  At  least  ont»- fourth  of  the  area  in  tlu- 
fae**  must  1m»  headers  evenly  <listribute<l  throu|;h')Ut  the  wall,  aii«l 
every  hea<h'r  shall  Im»  laid  over  a  str(»teher  of  the  underlying  eoni-s*-. 
The  stone  shall  1m»  so  arranged  as  to  form  a  proper  bond,  in  no  ease 
less  than  1  foot,  with  the  stone*  of  the  underlying?  course.  IV 
stn^tehers  must  not  he  h*ss  than  .*l  feet  lon^,  nor  less  than  2  feet  in 
anv  other  dimension.     The  hea<lei*s  must  not  l)e  less  than  ♦>  feet  in 

« 

h»n^th  nor  less  than  '2  feet  in  any  oth«»r  dimension. 

The  lH)dy  of  the  dam  shall  l>e  eoniposcMl  of  as  larjje  stone  as  prai- 
tieabh»,  well  shaped,  and  laid  so  as  to  break  joints  an<l  thoroujrhh 
bond  the  work  in  all  <lireetions.  Kaeh  stone  shall  Ik*  laid  on  iT> 
larji:est  fa<M»  in  a  bed  of  J*ortland  eem«»nt  mortar  of  the  quality  here- 
after siM»<*ifie<l.  Verti<'al  joints  b«»twe(Mi  the  stones  in  the  lx)dy  of  tb*- 
dam  must  be  nowhere  l<»ss  than  4  inches  and  must  Ik?  carefully  an<l 
Ihorou^fhly  tilled  with  Portland  cement  e<mcrete,  which  shall  i>e 
rammed  into  jilacf^  by  hand.  To  se<*urf»  thorough  lx»<lding  each  stone 
must  be  lifte<l  and  the  ImmI  examine<l,  to  the  end  that  all  space  in  tlie 
<lam  not  oecupie<l  by  stone  shall  be  absolutely  ftlle<l  with  mortar,  S" 
as  to  make  a  wat<'r-tight  eonstruction.  The  masonry  shall  Ik?  kept 
wet  during  the  time  of  <*onstruetiou.  The  aim  shall  be  to  us^Mli*" 
largi»st  ])roportion  of  stone  an<l  the  smalk^^t  i)roiM)rtion  of  mortar  hii«1 
<*oncrei('  in  the  dam  ihat  ean  be  ]n'aetieably  secured.  To  this  eml 
facilities  shall  1m'  provided  for  handling  stones  weighing  ^2  tons,  ami 
larg<'  stones  shall  l>e  usimI  as  fa?'  as  piact icable.  To  the  same  end  tlu^ 
stones  shall  be  s^dit  from  the  large  masses  found  in  the  quarry  by 
the  '' phig-and-feather '' metlnxl,  or  any  similar  pr(K.*ess  that  may  1)h 
found  eflicient  in  breaking  the  stones  along  regular  lin<\s,  so  that 
joints  to  b<»  tille<l  with  mortar  mav  be  reasonably  thin  and  uniform. 

M(n-ffir  and  ('(fttf'f'rh . — All  moi'tar  usimI  in  \]io.  lower  3n  feet  of  the 
dam  shall  <*onsist  of  1  ]>art  of  Poi'tland  cem<*nt,  2  parts  of  go<Ml  sharp 
sjin<l:  an<l  all  (*onc?-et(^  nse<l  in  tins  j)ort ion  of  the  dam  shall  consist 
of  1  i)art  (Moment,  2  parts  san<i,  and  '\  i>arls  of  broken  stone  grad(Ml  to 
such  si/e  as  will  pass  through  a  scr<*en  with  meshes  2  inches  s([uare. 
The  moi'tar  and  conci-ete  used  in  the  u[)sti*eam  face  of  the  dam  for  a 
thickness  of  !*<>  feet  shall  be  of  the  quality  aboNc  sp(»citied. 

In  all  ])arts  of  the  dam  which  are  more  than  20  feet  from  tin* 
upstream  facc^  and  ')(»  feet  from  the  bas<'  the  moria?'  shall  be  1  ])a?'t 
IN^'tland  cement  to  '■]  i)ai*ts  of  sand,  and  con^Mcte  of  1  ])art  Portland 
cement.  '-}  ])i\v\s  sand,  and  4  ])arts  broken  stone  of  a  si/e  to  pass  thro  ul'Ii 
a  scret'ii  with  niesln's  2  inclnvs  squai'e.  All  moitar  and  con(*r(^te  shall 
be  thoroughly  niix<'d  as  the  work  ])rog?'esses»an(l  ns«'(l  so  pi'omptly  that 
thei'c  will  b<»  no<lang<'r  whatever  of  incii>ient  setting  of  the  cement  piv- 
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vioiis  to  the  completion  of  the  iiuisoiiry  in  which  it  in  placed.  No 
cement  shall  l)e  use<l  until  at  least  sixty  days  after  its  nianiifactuw, 
and  not  nntil  it  shall  show  satisfactory  Wsts  acconiing  to  the  chemical 
and  physical  nniuirements  adopt<Ml  hy  the  American  Society  of  Civil 
Engineers. 

The  reason  for  usin^  a  larj^er  percenta^r*  of  cement  in  th<»  base  of 
the  dam  is  that  here  will  he  the  greatest  pressuivs,  an<l  tlu^  higher 
lK*rcentage  of  cement  will  ^ive  a  j^reater  ]M>wer  of  resistance  to  crush- 
ing. The  high  iH*rcentage  of  ccMnent  is  maintained  on  the  water 
face  of  the  dam,  all  the  way  to  the  top,  in  order  to  ren<hM'  it  as  nearly 
im|)ervious  as  i)ossil)le. 

It  may  l)e  confidently  pivdicted  that  a  masonry  dam  at  the  pro- 
IM>sed  site,  constructed  on  the  above  plans  and  siK»citications,  would 
l>e  al>soluteiy  pennanent,  "safe,  solid,  and  secure  for  all  ages  to 
come,"  as  truly  as  the  ** (everlasting  hills/' of  whi<'h  it  will  In'come 
an  integral  part. 

SEDIMENT. 

Most  of  the  streams  of  the  southwest  carry  a  considerable  quantity 
of  solid  matt(»r  which  causes  annoyance  in  canals,  and  has  a  tendency 
to  fill  any  reservoir  constructed  on  the  stream.  This  is  true  of  the 
Rio  Grande,  Colorado,  Pecos,  and  (iila  rivers.  Theit*  is  silt  also  in 
the  waters  of  Salt  River,  as  shown  by  its  occurrence  in  the  canals, 
but  it  is  not  nearly  as  abundant  as  in  the  streams  almve  mentioned. 
The  basin  tributarj'  to  the  Salt  River  reservoir  li(»s  in  large  part  in  high 
tiinl)ered  country,  and  includes  the  Apache  Indian  Ri^servation.  These 
Indians  constitute  probably  the  most  efficient  forest  patrol  in  the  coun- 
try, and  their  reservation  is  almost  entirely  (*overed  with  fon»st  and 
irrass.  The  basin  of  Tonto  Creek,  an<l  a  few  other  tributaries,  how- 
ever, are  closely  pastured  and  deliv^M-  sonu*  silt  during  sudden  flcMMls. 

Observations  of  the  amount  of  se<liment  carried  give  the  results 
found  in  the  following  table: 

I\'rr*'nta(jc  nf  stdiiiuut  ftmml  in  Suit  Rfn-r  fratt'r. 
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NoTK. -From  January  1  t«»  Ai»ril  !><,  l'.«»I,  «»l)s<Tvut  ions  wore  made  at  M«L)o\v«'ll  »*riiti<m:  Iwil- 
ance  of  the  year  at  reservoir  sito. 
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The  alK)Vf*  table  shows  that  during  the  period  covered  by  the  ol>g 
vat  ions  tlie  sediment  earrie^l  was  very  small  in  amount,  almost  negli 
ble,  but  the  diseharj^e  <lunng  the  year  was  far  lielow  the  normal,  i\ 
it  is  lK»lieved  that  the  proiH)rtion  of  sediment  shown  by  the  o]>ser 
lions  was  also  1m»Iow  th«*  normal.  If  we  take  1,(^K)  acre-feet  as 
averaj!:<»  inflow  of  sedim«*nt,  this  will  ])e  nearly  three  times  t 
observed  <liirinjr  r.M)i,jiiid  yet  it  would  re<iu ire  eight  hundriKl  year 
fill  the  iHvservoir  if  none  were  drawn  off.  It  would  probably  be  < 
hundred  years  befon*  the  loss  of  storage  eapaxMty  wouhl  Ik*  serioii 
felt  aii<l  it  woul<l  IxM'Oiue  n«»f'<^ssary  to  resort  to  metho<ls  of  elearinj 
out. 

Al  all  timers  when  ihe  riv«M*  is  in  floo<l  the  water  in  the  ivst^rv 
will  be  more  or  less  turbid.  The  lower  the  stage  of  the  n»servoir  i 
the  greater  tin*  flood  in  tlu*  river  the  greater  will  Ik»  the  j>ei'<*entag( 
sediment  held  in  suspension.  The  greatest  amount  of  se<liment  ^ 
usual  I  v  be  found  in  the  low(»r  la  vers  of  water,  and  it  \v\\l  the 
for<»  eontribut**  to  the  maintenanee  of  the  stomge  capacity  to  di 
all  watei-s  from  the  lowest  possible  point  at  all  times.  Two  out) 
an?  provide<l  in  the  form  of  tunnels  1()  by  13  feet,  one  around  v; 
end  of  the  <lam.  It  shouhl  be  made  an  invariable  rule  that  whene 
water  begins  to  run  over  th(»  spillway  the  gates  must  l>e  openeil 
full  eapaeity,  not  only  to  draw  ofl'  the  maximum  quantity  of  « 
nient  but  also  to  reinforce  the  spillway  (*apacity  as  much  as  possil 

Kxperionee  at  the  Sw<»etwat(»r  and  othiM*  reservoii's  shows  tlial 
greatest  <l(4)osits  of  sediment  an*  in  the  deepest  pari  of  the  reserve 
which   in  this  cas*'  is  neai'  tht'  <lani.     The  above  pmvision  wouM  < 
pose  of  a  considerable  porii<ni  of  this,  and  any  further  provision 
removing  silt  would  be  unntM-essary  for  nion^  than  a  century. 

SPILLWAY    J»R<)  VISION. 

T\w  great(»st  flood  ever  known  in  Sail  River  Valley  occurred  in  F 
ruary,  ISIM.  It  is  deserilM»d  in  the  Twelfth  Annual  Report  of 
United  States  ( Geological  Surxey,  and  has  Ixmmi  i*<»ferred  to  on  pagt 
of  this  report.  The  niaxiniuni  discliai'ge  of  this  flood  was  (*stima 
at  the  almost  incredible  \olnnie  of  .{(mijhmi  u*n])ic  f(H»t  per  se<*ond. 
freslu'l  of  less  magnitude,  but  still  very  large,  occurre<l  in  1800.  Th 
is  al)undant  evidence  that  thei-eha<l  ))een  no  flood  a[)proaching  th 
in  magnitude  for  a  very  long  time.  The  di'ainage  area  from  wh 
this  flood  was  drawn  was  consi(l«'ral)ly  more  than  double  the  area  tril 
tary  to  the  i)roj)osed  Salt  Hiver  reservoir,  Imt  the  latter  having  lU" 
than  the  average  i)recipitat ion,  it  is  credited  with  ,54  per  cent  of  i 
total  discharge  under  the  discussion  <){'  ""  Water-supply"'  on  page 
A  smaller  drainage  ])asin  is,  nioi-eovei-,  liable  to  a  relatively  higl 
flood  <lischarge  than  a  larger  one,  though  the  tloods  are  of  shor 
duratioiL  Krom  the  above  considerations  it  is  estimated  that  i 
maximum  flood  wave  possible  at  Salt  River  reservoir  is  220,(>J()  cu 
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cond,  reaching  this  amoiiiit  by  h  rapid  increase  in  volume, 
ing  somewhat  less  su<l<lenlyf  nun  the  maximum  to  the  normal 
On  this  assumption  an  examination  has  lH*en  made  of  the 
inch  a  flood  uiK>n  the  resiTVoir.  It  is  assunie<l  that  the 
s  full  up  to  the  lN>ttom  of  the  spillway,  and  that  a  great 
•8,  with  a  mean  discharge  for  the  first  hour  of  1lM),(M)o  eubic 
eond,  and  increases  its  diseliarge  lOJMio  <'uhi<*  feet  jx^r  sec- 
C  each  hour  for  eleven  hours,  at  the  riu\  of  whi<»li  time  it  has 
;  maximum  wave  of  :?lH),(HH)  <*ul)ic  Uh^X  \nn*  s<'c<ind.  The  dis- 
ti  d€H»reases  in  an  aritlimetical  pmgn*ssion  tor  twenty  hours, 
e  of  5,0X)  8econ<l-fe<»t  jM^r  hour,  reaching  a  discharge  of 
•ond  feet  as  a  nn^an  for  th<»  tliirty-fii*st  hour, 
llway  as  planne<l  has  a  total  l(*ngth  of  'MiO  feet,  and  its 
i7  feet  iKdow  the  top  of  the  dam.  Its  <lis<*harg(»  cajmcity  is 
from  the  formula  Q=Hi  lL^L>()=:i.r)  LIM. 

jcimum  fltHul  in»  Salt  Hirrr  nsrrroir,  in'th  spiil inn/  .»'.'>"  frit  Intiy,  llH) 
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end  of  th(*  thiriy-lirsi  hour  the  .surfa<M»  of  th«»  wat«'i*  has 
n  eh»vation  of  l*<>!>.»')  f«'<'t,or7.i  feet.  b('h)W  tlie  top  of  tlio 
from  that  point  begins  to  decliiu',  the  spillway  liaving 
vation  a  diseliarge  of  lll',7r,()  eiihie  feet  i)er  second.  The 
imed  floo(l  wave  might,  therefore,  be  eonsi<lerably  exeee<h»d 
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witliout  flowing  over  tlie  dam,  and  then*fore  the  spillway  provisions 
as  pianm»<l  an*  considenHl  ample  for  all  possible  requirement's.  It 
shouM  l>e  noted,  however,  that  the  dam  would  not  be  injured  nur 
endanger«Ml  by  a  vory  considerable  flow  over  the  top. 

OUTLET   WORKS. 

For  the  purjMisi'  of  fa<*ilitatin^  the  diseharjje  of  sediment  from  th** 
reservoir,  and  also  to  furnish  the  maximum  reenfOreement  to  the 
spillways,  it  has  been  decided  to  draw  all  water  from  the  reservoir 
through  larji:e  oi)eninj;s  directly  on  the  l)ottom.  Accordingly  the  plan 
adopted  is  to  have  two  tunnels  dug  through  the  solid  rock,  one  on 
each  side  of  th(»  canyon.  Kach  tunnel  will  be  provided  with  two  gates, 
each  0  feet  by  H)  feet  .'^  inches,  with  a  clear  opening  of  5  feet  4^ 
inches  l)y  10  feet,  making  a  total  area  of  215  squai'e  feet  clear  oi)en- 
ing.  This  would  have  a  discharge  capacity  of  about  1,500  cubic  feet 
per  se<»ond  with  water  standing  in  the  reservoir  on  a  level  with  the 
top  of  the  tunnels.  When  the  reservoir  stands  higher  than  this  the 
head  would,  of  course*,  incr<»ase  the  possible  discharge,  and  when 
water  ])egins  to  tlow  through  th<»  spillways  the  tunnel  would  have  a 
discharge  capacity  of  alniut  12,000  cubic  feet  per  second,  and  with 
the  spillways  running  full,  alxmt  14, (MM)  cubic  feet  per  second.  The 
head  on  the  lower  sill  of  the  outlet  tunnels  would  l>e  100  feet  with 
water  standing  at  the  level  of  th<»  l)ottom  of  the  spillways.  This  will 
be  the  niaxinium  head  fre<iuently  encountered,  but  the  possible  head 
would  be  !.'(>  f<M't  more,  or  210  feet,  with  water  flowing  over  the  spill- 
ways 20  fr(»t  (h'ep,  which  is  considei-rd  Ww  maximum  head  possible, 
encountere<l  only  at  long  intei\  als,  if  cvim*.  This  will  pnxluce  a  mean 
pressure  of  al>out  12, sou  pounds  per  scjuure  foot  on  the  gates,  or  a 
total  on  each  gate  of  about  31M)  tons.  Th(»se  pn*ssures  and  sizes 
re<iuin»  gates  of  great  strength  and  (^flicient  means  of  controlling  their 
position. 

Each  gate  is  built  of  nine*  paralli*!  !>-incli  I  beams,  two  channels 
horizontally,  and  three  kmgitudinal  l)eanis,  the  whole  inclosed  by  a 
half-inch  plate  solidly  riv<»ted  to  the  beams  and  channels,  so  as  to 
make  the  entire  gate  act  as  a  girder.  It  will  be  the  aim  to  make  this 
girder  water-tight  on  the  (»(lg(\s  and  the  side  exposed  to  the  water, 
but  drainage  hol(»s  will  1h»  provide<l  on  tin*  lower  side  to  discharge 
any  chance  leakage*. 

I'he  j)illar  which  will  o(M*upy  the  center  of  each  tunnel  is  built  of 
plates  and  angles  in  the  form  of  a  large  I  Ix'am,  and  is  reenforced  on 
each  side  by  a  12-inch  I  beam,  and  the  whole  is  inclosed  by  a  thin 
steel  skin,  to  minimize  the  tendency  to  pi'oduce  vibrations.  The 
beams  are  so  ari'anged  as  to  diminish  iIk*  contractions  also,  and  thus 
inci-ease  the  discharge.  The  sheet  steel  will  be  continued  along  the 
sides  and  bottom  of  the  tunned  throuLdiout  its  entire  length.     Under 
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hese  arrangements  the  velooity  of  the  water  through  the  tunnel, 
'unning  full,  with  the  water  in  the  reservoir  at  the  level  of  the  top  of 
he  tunnel,  will  be  about  7  feet  per  second,  and  will  increase  to  over 
»0  feet  per  second  with  the  water  20  feet  deep  over  the  spillways. 
Sach  gate  will  be  worked  by  two  hollow  rods  running  upward  through 
he  shaft  and  tower  to  the  tower  houses  at  the  top  of  the  dam,  where 
hey  will  be  worked  by  screws  operated  by  electric  motors. 

The  hollow  rods  will  consist  of  3-inch,  double-extra  heavy  steel 
Irivepipe,  and  will  work  in  guides,  as  shown  in  PI.  XXI.  The  upper 
lection  of  rod  which  carries  the  thread  for  moving  the  gates  will  be 
(olid. 

The  bearings  for  the  gates  will  be  uiK)n  solid  steel  rollers  placed  to 
eliminate  friction.     A  general  view  is  shown  on  PI.  XXII. 

The  steel  is  estimated  at  8  cents  per  pound  erected. 

POWER  PLANT. 

In  the  construction  of  a  great  dam  one  of  the  most  important  ele- 
nents  is  that  of  power.  This  is  necessar}*  on  a  large  scale  for  drilling 
>urposes,  for  handling  rock,  for  mixing  and  handling  mortar,  and  for 
Tushing  rock  to  be  used  in  concrete.  In  the  present  case,  further- 
uore,  it  has  been  found  possible  and  very  desirable  to  manufacture 
m  the  ground  the  large  quantity  of  cement  required  in  the  dam. 
rhis  would  require  about  300  horsepower  day  and  night,  for  grinding 
ock  and  clinker,  and  for  handling  materials  and  running  machinery, 
t  is  usual  to  provide  such  power  by  means  of  steam  engines,  but  in 
he  present  case  this  is  rendered  very  expensive  by  the  scarcity  of 
uel.  Coal,  in  quantities,  now  costs  $10  per  ton  in  Globe,  and  the 
vagon  haul  to  the  dam  sit«  would  nearly  double  this.  A  limited 
amount  of  wood  is  available,  but  to  secure  the  large  quantity  which 
^ould  be  requii'ed  if  it  were  the  sole  dependence  for  power  would 
nvolve  a  long  haul. 

The  best  means  for  providing  the  necessary  power  is  by  the  devel- 
>pment  of  water  power  on  1  he  river.  This  will  involve  tlie  eonstruc- 
iion  of  a  diversion  dam  and  canal,  which  can  afterwards  be  utilized, 
f  required,  for  sluicing  accumulated  silt  out  of  the  reservoir.  The 
>ower  developed  can  after wanls  b(»  used  in  the  neighboring  mines  or 
transmitted  to  the  valley  below  for  pumping  purposes.  For  either 
purpose  it  will  be  a  valuable  asset. 

The  standard  canal  section  adopted  has  a  bottom  width  of  8  feet, 
!vater  depth  of  3.5  feet,  total  depth  of  4.5  feet,  with  side  slopes  of  1  to 
I  in  excavation  and  14  to  1  in  embankment.     Its  slope*  will  be  O.OOOG. 

In  the  first  12,000  feet  of  the  line  the  depth  will  be  slightly  increased 
X)  provide  for  seepage  losses.  Small  drainage  lines  will  be  crossed  by 
neans  of  concrete  culverts.  Flume  construction  will  be  employed 
)nly  where  absolutely  necessar}',  on  account  of  its  lack  of  perma- 
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nencM\  The  adopted  flume  section  is  a  rectangular  box,  4  feet  d< 
and  7  feet  8  inches  wide  inside,  built  of  2-inch  redwood  plank,  s 
ported  by  frame  of  native  pine.  Sawmills  will  be  established  u 
the  line  and  logs  floated  down  Salt  River  from  the  mountain  vail 
above.  This  native  timlier  will  also  be  used  for  false  works  i 
other  temporary  struetun»s  about  the  works.  The  details  of  fli 
construction  are  shown  on  PI.  XXIII. 

There  are  U)  be  two  tunnels  on  the  line,  one  15,000  and  one  18. 
feet  in  length.  Both  are  to  l)e  in  coarse  gravel,  and  will  l)e  li; 
with  concrete. 

No  detailed  surveys  have  l)een  made  of  the  line,  and  the  estims 
which  follow  should  Ih»  r(»garde<l  as  only  approximate.  The  estinni 
cost  of  earth  excavation  is  15  cents  per  cubic  yard,  and  of  rock  81 
cubic  vard. 

The  proposed  (*anal  would  hea<l  some  distance  above  the  reserv 
follow  alK)V(»  its  water  line,  and  finally  discharge  just  l)elow  the  d; 
with  an  available  h<»ad  ol*  alH)Ut  180  feet.  It  is  designed  to  deli 
100  cubic  feet  [mm-  second,  and  to  develop  a  net  energj'  of  al)out  1. 
horsepower  after  dedu(*t.ing  seepage,  friction,  and  losses  in  wj 
wheels,  (^lectric  plant,  etc.  It  is  designed  to  use  9()()  horsepowei 
the  dam  and  3(M)  horsepower  at  the  cement  mill. 

The  power  plant  will  consist  of  three  units  of  300  kilowatts  es 
one  of  whi(»li  will  1m»  temporarily  installed  near  the  cement  mill 
be  used  there  in  making  cement  and  in  drilling  for  the  outlet  t 
nels,  (lam  foundations,  etc.,  before  the  permanent  plant  is  instal 
until   it    is  (h^sired   to  store  water  above*  tlie  -o-foot  contour  of 
reservoir,  at  which  linn*  th<^  manufacture  of  cement  should  have  b 
completed,  wh(Mi   this   unit    will   be   plac(Ml  alongside  the  other 
bidow  the  dam.     The  two  units  ])laeed  below  the  dam  will  be  at  1 
protected   \}y  a  temporary  power  house,  until  the  foundation  of 
dam  at  that  point  is  bi-ought  uj»  to  the  level  of  the  ground,  when 
stone  power  house  will  i)e  l)uilt. 

The  windows  of  the  power  hous(^  will  b(^  10  feet  above  the  bet 
the  river,  and  the  tailraee  of  tiu*  power  house  will  be  provided  wil 
gat(^  by  which,  if  it  ever  becomes  neeessarv,  ])ackwater  from  the  < 
charge  of  the  spillways  can  ])e  pr(»vented  from  entering  the  po 
1h)US(\  At  such  times,  ])ei'h«ips  once  in  twenty  or  thirty  years,  it  r 
lH'(M)me  necessary  to  close  down  the  j)ower  plant  for  a  few  hours. 

The  following  a|)pro\iniat(»  estimate  of  the  eoslof  the  power  ins 
latiou  has  Ihm'u  prepanMl: 

Ksf'nmttrd  ntst  nf  jKurrr  plant. 
Diversion  works: 

Dani      .     $10,000 

1.0(H)  feet  of  tluiiie-                  .    2,325 

75.200  feet  of  canal      .     . ....  58,975 

3,  .300  feet  of  tunnel,  at  s<3 19, 800 

$91 
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ater  wheels,  etc.: 

9  wheels,  shafts,  noales,  honsiiigB,  etc $7,850 

3  paira  conplingB  for  attaching  dynamoe 555 

270  feet  52-iiich  pipe  for  penstock 1,600 

Receiyer  and  9  branches 1,555 

Freight  on  140,000  pounds,  at  8  cents 4,200 

Powerhouse 10,000 

«35,d00 

ectric  plant: 

3  800-kilowatt  dynamos  and  exciters ^24,000 

Transformers  and  motors 35, 000 

Transmission  lines —      1 ,  000 

Freight  and  installation 1 2 ,  000 

72.000 

Total  cost  of  power  plant 188,800 

The  power  plant  as  planiie<l  is  about  what  is  necessary  in  the  con- 
ruction  of  the  dam  and  the  manufacture  of  cement.  It  (contemplates 
ie  use  of  the  entire  flow  of  the  Salt  River  at  minimum  Htagen,  and 
ence  is  the  maximum  that  can  bo  made  available  at  full  head  for  use 
b  all  times.  After  the  constniction  of  the  reservoir  this  power  can 
e  utilized  for  other  purposes,  but  if  constantly  required  will  consume 
ater  from  the  reservoir  during  the  winter  months,  when  usually  a 
efficient  supply  for  irrigation  purposes  can  be  obtained  from  the 
nregulated  flow  of  the  Verde  River.  If,  however,  the  power  is  used 
delusively  for  pumping  water  for  irrigation,  it  will  not  be  required 
uring  the  season  of  high  water  on  the  Verde.  When  this  supply 
ecomes  insufficient,  it  will  lie  necessaiy  to  start  tlie  pumping  plants 
Dd  to  draw  water  from  the  ^e8el'^'oir,  which  can  te  utilized  at  such 
mes,  both  for  power  and  irrigation;  hence,  if  iiseil  exclusively  for 
innping,  none  will  be  wast<Hi. 

There  are  other  power  possibilities  in  tliis  reservoir  site  by  arrang- 
\g  to  draw  all  irrigation  water  from  the  reservoir  under  a  consider- 
ble  head  through  turbines  which  can  1h>  used  to  develop  power  for 
amping  purix)ses.  Such  development,  however,  will  be  of  a  very 
fferent  chai'acter  from  tlie  works  already  planned.  The  water  will 
?  drawn  under  a  variabk*  head,  and  at  times  of  extreme  scarcity', 
hen  the  reservoir  may  run  nearly  or  quit<*  empty,  and  when  irriga- 
on  water  is  most  ne(»ded,  the  head  will  Ih»  diminished  and  the  water 

be  drawn  will  he  insuf!ici(»nt  or  entirely  lacking  at  times  when  the 
)wer  for  pumping  is  most  hccmUmI,  unless  the*  duty  of  the  reservoir  is 
minished  to  a  sufficient  extent  to  i)revent  this.  It  is  probable,  how- 
-er,  that  such  a  utilization  of  tlie  power  could  be  profitably  made. 

decision  on  this  point  rests  on  the  equation  ]>etween  thc^  cost  of 
5ces.sar}'  plant  and  tlu*  value  of  necessary  storage  capacity  on  the 
le  side  as  against  th<*  value  of  the  water  punii)ed  on  the  other  side, 
here  is,  however,  a  linnit  to  the  avaihibility  of  undergroun<l  watera 
hich  can  not  be  detinitely  known  until  an  extensive  trial  is  made  by 
imping  on  the  large  reservoir  of  water  which  seems  to  be  stored 


48 


WATSB  BTDBAOB  OK  SALT  SIYXB,  AXOSOSA. 


tim.nL 


nnilergroimd  in  Salt  River  Valley.  The  problem,  however,  is  aa 
attractive  one,  and  deserved  escteuBive  study  in  opnnectioin  with  tte 
ntilization  of  Salt  River  reservoir. 


CBMEHT  XANUFACTUBK. 

The  natural  topographic  conditions  of  this  site  are  very  favoraUe 
for  the  construction  of  a  masonry  dam  of  the  most  conservative  sad 
permanent  design  yet  devised.  This  form  of  oonstructiony  however, 
is  rendered  very  expensive  by  the  remoteness  and  dUHoulty  of  acoen 
to  the  site.  There  is  a  wagon  haul  of  over  40  miles  across  mountain- 
ous country  from  the  end  of  the  raUroad„which  is  a  branch  road  witk 
light  traffic  and  high  rates.  It  is  estinwted  that  cement  would  cost  at 
the  dam  site  about  $9  per  barrel.  As  over  100,000  barrels  of  cement 
would  be  required  for  the  dam,  such  a  price  is  a  most  serious  handi- 
cap to  the  project,  and  presents  a  strong  temptation  to  adopt  a  rock- 
flU  tyi)e  of  structure  which  would  be  immensely  cheaper.  However, 
before  deciding  this  important  point,  it  was  thought  best  to  investigate 
the  possibility  of  manufacturing  cement  in  the  vicinity,  and,  with  this 
object,  search  was  made  in  Tonto  Basin  for  materials  suitable  for  the 
purpose.  Eight  samples  of  rock  and  clay  were  sent  in  for  analysis 
to  E.  A.  Duryee,  superintendent  of  the  cement  works  at  Colton,  CsL 
The  analyses  were  as  follows:    . 

Anfiiyses  of  ntcks  and  clayn  from  Tonto  dam  mie. 


(k>niitit'aent. 


No.  1.     No.  2.     No.  4. 


Moisture 2.80 

SiUca fiO.eo 

Alumina  and  ferric  oxide O.au    16.80 

MaifuesU .«)      4.072 

Calcium  carbonate «i.80    16.«0 

Insoluble  renidue 3. 30   


11. 8R 

K.7U 
20.60 


11.80 


Total 99.90    89.872,    90.26 


No.«. 


20.10 
61.00 
10.70 
4.6711 
6.0W 


No.  7.     No.K 

'  I 


1&40  ! 

51.90 

67.90 

28.70 

18.0) 

.97 

.9S 

10.90 

.m 

98.424  ,  100.87      86.SX 


No.  1.  Limestone  near  dam  sit^*:  very  abundant  and  convenient. 

No.  2.  Calcareous  Hhale  near  dam  nite:  ledgre  1  fof»t  thick;  exi>ensiTe  to  quarry. 

No.  3.  Bhale  near  dam  Hite:  ledge  4  inches  thick:  expensive  to  quarry. 

No.  4.  (?lay  1  mile  from  dam  site;  abimdant. 

No.  5.  Shale  near  dam  site;  ledge  3  inches  thick;  expensive  to  quarry. 

No.  ft.  C'lay  from  Sallie  May  Canyon,  8  miles  from  dam  site. 

No.  7.  Clay  from  hills,  3  miles  north  of  dam  site;  very  abundant. 

No.  H.  Shale  from  canyon  below  dam  site:  ledge  2  feet  thick. 


Tlie  shales,  and  especially  samples  3  and  5,  iKMiig  expensive  to  qiiarrj* 
and  grind,  were  intended  for  use  only  in  case  the  clays  should,  upon 
analysis,  prove  to  be  nnsuitahle  for  the  purpose  intended. 

Everything  eonsid(»red,  sainph\s  1  and  7  appeared  to  be  the  moftt 
favonible  for  the  purpose,  and  accordingly  a  quantity  of  No.  7  and 
No.  1  were*  shipjM^d  to  Colton  for  an  exiK>riniental  burn.  The  follow- 
ing is  quoted  from  Mr.  Duryee's  report: 

The  clay  and  limestone  were  groniid  separately  and  then  mixed  in  the  proper, 
tions  of  0.18  pounds  limestone  and  :2.'i5  pounds  cliiy.  making  a  raw  mixtnre  that 
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d  48  per  cent  lime.    As  the  limeetone  was  yerj  bard  and  therefore  more  dif- 

i  to  xnake  into  cement  than  a  softer  material,  fluorspar  to  the  amount  of  li 

BS,  or  1  x>er  cent,  was  added.    The  materials  were  also  ground  quite  fine,  but 

ler  than  is  the  practice  in  some  cement  works,  viz: 

Percent. 

sdasieye  of  50  meshes  to  the  linear  inch 99.9 

3d  a  sieve  of  100  meshes  to  the  linear  inch 99. 75 

ad  a  sieve  of  200  meshes  to  the  linear  inch 71 .  75 

e  raw  mixture  was  made  into  briquets,  and  these,  after  being  dried,  were 
ed  in  a  gasoline  furnace.  They  burned  to  a  good  hard  clinker  of  a  good  color, 
b  yielded  a  cement  of  good  color. 

AHolyais  of  Vie  cemeni. 

> - ft8.56 

ciina  and  ferric  oxide 10. 40 

ft 22.85 

aesia 71 

lies  not  determined. 

Tensile  tests  of  the  neat  cement  briquetn, 

PuundH  per  aqiuure  inch. 

jTS  (1  day  in  air,  6  in  water) 410 

lys  (1  day  in  air,  then  in  water  till  broken) 690 

lys  (1  day  in  air,  then  in  water  till  broken) 775 

bemical  analyses  of  Nos.  1  and  7  were  also  made  in  the  laboratory 
le  Geological  Survey,  to  test  the  uniformity  of  the  deposits.  These 
pies  differ  slightly  from  the  samples  sent  to  Mr.  Duryee,  but  still 
eminently  suitable  for  the  purpose.  The  following  are  the  results 
id  in  the  Survey  laboratory: 

Analysis  of  limestone  from  Salt  River,  Arizonu, 

55.56 

► .10 

>,and  A1,0, 20 

51 

cal) 43.77 


Total 100.14 

Analysis  of  day  No,  7,  from  Salt  Rityer,  Arizona, 

Tfaie .         -   - 20 

a 50.51 

^ 5.03 

►.andPA 14.63 

.66 

> 03 

6.77 

> 3.00 

3.06 

3 - 2.18 

J  at  red  heat 13.30 


Total 99.37 
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Altogether  these  resalti  are  very  gtwHtytng,  and  prove  bejimd 
qaestion  the  exixtence  of  conTenient  and  abondant  materials  from 
which  cement  can  be  made.  The  greatest  difflealty  Is  the  soaieity  of 
fuel.  There  is  considerable  wood  in  the  raserrolr  sfte,  mainly  eot- 
tonwood  and  mesqaite,  which  it  will  be  desirable  to  olear  out  of  the 
reservoir  in  any  event.  Wood  is  not  snitablu  lor  Ixirniti^  vifni<-ni 
clinker  by  modem  methods,  bnt  if  made  into  ctuin?(ml  and  tlien 
groand  to  powder  would  annwer,  or  oil  may  }»  imported  for  the  pur- 
pose from  California.  A  lai^  amount  of  power  is  rt-quired  for  grind- 
ing  the  rook  and  the  clinker,  and  a  still  larger  nnioiint  wilt  lie  lUM^essan- 
in  the  construction  of  the  dam,  for  excavating  lt>  foundation,  qaanr- 
ing  and  handling  the  rock,  mixing  and  hiindliii^  mortar,  «lc,  If 
steam  power  were  need  for  all  these  puipohi-M  t)ii-  hidaII  omoiiiil  <>f 
wood  at  band  would  soon  be  exhausted,  and  ii  uoiiUI  Ik<  Deoesnarj-  to 
haul  wood  H  long  distance,  or  to  import  coal,  tithi-r  uf  wbicb  woaltl  tv 
very  expensive.  Water  power  can  be  develupmi  by  diverttn^  wal«r 
from  Halt  River  above  the  reservoir  site,  oan-yiiig  it  in  a  canal  above 
the  proposed  lake  and  dropping  it  through  a  i>enBto<^k  Just  below  the 
dam.  By  such  means  an  ample  supply  of  [lower  caii  lie  obtained, 
available  through  the  construction  period  and  afti^rwards  also,  if 
desired.  The  chief  expense  attached  to  this  ilvvolopuient  will  be  tbe 
oonstruction  of  the  canal  for  conveying  water  from  the  diTKatal  rite 
to  the  dam  site.  But  as  the  powerwill  be  valuable  ftwotherptuposes 
its  cost  is  not  entirely  chargeable  to  the  dam,  and  eveiytfiliig  con- 
sidered, this  id  by  far  the  cheapest  manner  of  obtaining  the  large 
amount  of  i>oWer  required.  This  is  treated  more  in  detail  under  the 
proper  lieHdiiig,  pHfro  49. 

The  t>»tiniatei1  t-ost  of  tlie  cement  plant,  with  modem  machiuerj' 
capable  of  producing  300  barrels  ikt  day,  as  furnished  by  Mr,  E.  A. 
Duryee,  is  as  follows; 

Approjrinuile  eofl  of  a  rotary  proeeaa  2-kiln  Portland  cement  plant  of  a  daSjf 
capacity  0/3/10  Ixirrt'h. 

CruBher (S.OOO 

Mill  for  disinte^ating  clay 500 

Botary  clay  dryer l.SOO 

Elevators  and  conveyors  forrawniut«rials_ 1,000 

Storat^  bins  for  raw  materials . , _ 1,000 

Mills  for  grinding  raw  materials 10,000 

Two  rotary  kiln-linings  and  stacks 10,000 

Mills  for  grinding  cement _ 10,000 

300-horsepower  electric  motors  and  step-down  transformen 9,000 

Conveyors  and  elevators  for  cement  - 1,600 

Cost  of  grading  and  erecting  machinery 10,000 

Shafting  and  iiullpys,  belte,and  setting  np  same ,     0,000 

BnildiQRsand  bins  for  cement 10,000 

Office,  laboratorj-,  and  equipment  of  same -  - - .  - - 1, 500 

Freight _ 10,000 

Plans,  specifications,  and  superintendence 8,000 

Total _.     91.000 


^Rp^* 

■i    - 

^' 
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^^ 

^ 
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ith  such  a  mill,  and  asinjf  t^mrooal  for  btirniu^  ci'inoiil,  llie  coat 
laaufacturti  would  bt?  ftppi-oxiiiiiilely  ns  follows,  ftllofling  for 
>r  only  the  proportion  necessary  for  maintaining  and  operating 
tiectric  plant  provided : 

C(Ml  per  barrd  of  making  centent  at  Salt  River  dam  »iie,  Tonta  Baain. 

:  and  eaperintoiidenoe _ |0. 7ft 

materiftls _.      .80 

rorboming 9ft 

r  (maiateoauce  and  operfttian  only)  __  _ OH 

TB  and  BTmdrieB ___ _ M 

Total _ 3.00 

BOAB8   AND   BRIDGES. 

e  road  from  Globe  to  Payson  passes  through  the  reservoir  almost 
ntire  length.  In  case  of  the  construction  of  the  dam  this  road 
<i  be  submerged,  and  it  will  be  necessary  to  provide  a  new  one 
nd  the  reservoir.  If  it  were  deflected  to  the  east  it  would  b© 
fn  into  exceedingly  rough  mountain  country,  where  the  con- 
Jtion  would  be  very  expensive  and  the  road  beset  by  heavy 
es.  By  passing  to  the  west  of  the  reservoir  it  would  be  necessary 
16  the  dam  as  a  viaduct  and  to  build  bridges  across  the  spillways, 
-e  would  not  be  a  great  amount  of  road  construction,  and  this 
would  be  far  cheaper  and  furnish  a  much  better  road  than  could 
'Uilt  east  of  the  resei-voir.  The  road  to  the  dam  site  would  be 
ssary  in  the  construction  of  the  dam,  and  some  sort  of  passage- 
over  the  spillways  would  be  necessary  in  operating  the  gates, 
view  of  the  contemplated  manufacture  of  cement  near  the  dam 
the  high  cost  of  steel  delivered  at  the  site,  it  has  been  decided  to 

1  the  bridges  of  the  Melan  arch  type — that  is,  a  light  steel  skele- 
^mbedded  in  concrete.  This  wilt  be  about  as  cheap  and  far  more 
tantial  and  jiermanetit  than  a  steel  bridge,  and  more  in  keeping 

the  massive  and  piTiiiaiient  character  of  the  dam.  Each  bridge 
signetl  to  abut  at  one  end  on  the  dam  and  the  other  end  on  the 

rock  of  the  hill,  and  will  liave  one  pier.  The  spans  of  each  bridge 
be  110  feet  and  75  feet  in  the  clear.  The  general  design  is  shown 
1.  XX.  They  ai'c  both  similar  to  Itridges  tliat  have  been  in  suc- 
'ul  use  for  years  and  involve  no  new  or  untried  features. 

DAMAGES. 

le  surveys  show  about  74U  acrt's  of  cultivated  land  that  will  be 
ierge<l  by  the  reservoir.  The  impmvements  on  these  lands  consist 
ily  of  small  frame  or  a(lo1>e  houses,  fences,  and  irrigation,  ditches, 
thought  that  an  average  value  of  $.50  jier  acre  for  these  lands 
Id  be  ample  lo  incluile  all  improvements.  About  4,40(>  acres  of 
iproveil  laud  is  also  in  private  hands,  and  has  little  or  no  value, 
wing  #1.25  per  acre  for  such  lands,  we  have  a  total  for  damage& 
12,500. 
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T\m  baUnoeof  the  reservuir  site — about  9,n(X> acres — is  public  land, 
lie  control  of  which  is  in  litigation,  and  will  nm  he  inelnded  in  this 
itimate. 

COST. 

The  following  eHtiniat«fl  are  based  upon  the  data  nl  hand  in  April, 
!>0£,  and  an>  subject  t^i  niodifieation : 

Ettittuilfd  o'lKl  of  Salt  Ricer  atorage  dam- 
[MT  feet  Kbmo  tuoBdittim:  l«>  fast  STinalileMariige.    Ca,-(miAtj.MOJMK>mav-teet.i 
)7.42U  cnMc  yard*  rnbbl«  maAoiuy,  excliidT«>  of  power  and  oement,  at 

83.60 a  yard  _ ___   ....  89O0.K0 

lament  iilant.- 01,0011  i 

Power  plant,  hoose.  and  canal  ._ _■ 188. BWI 

Uanafactnreof  150,000 bairelePortlandcemeiit.atiaabaiTBl aOO.OUO  I 

Eifavation  of  foundation  and  river  diversion _  50.  WW 

OnllettniinelH  and  lining , 81,130 

Gates  and  miR'hinery    ll.MO 

Ontlet  towers.  Bhafts,  and  hooBes __ ll.OIW 

Viaducts  Bcrow npillwayii ..- 26,000 

Roads _.  15,IXW 

Engineering  and  contingencies,  ISperKot S18.5(r 

Total  0O8t  of  Btmictnr™ 1,0M,»*: 

Dani«Ke  to  privaW  lands. ._ „ . ti.SOO 

i,oo8.!»: 

Cost  per  acre-foot,  |2.27. 

The  cost  of  dam  20  feet  lower,  storing  600,000  acre-feet,  would  be 
practically  the  same  for  all  items  except  the  masonry  and  cement, 
which  would  be  about  20  per  cent  less,  making  the  total  cost  about  I 
tl, 680,000,  or  t2.75  per  acre-foot  capacity.  | 
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Water  resources  of  the  state  of  Colorado. 


Bv  A.  L.  Fellows. 


INTRODUCTION. 

The  State  of  Coloi'ado,  located  as  it  is  in  the  midst  of  the  Rocky 
]yiountains,  the  crest  of  the  continent  crossing  it  from  north  to  south, 
«nd  comprising  as  it  does  a  vast  variety  of  physical  conditions,  vary- 
ing from  those  of  the  highest  mountain  regions,  where  vegetation 
ceases  to  flourish,  to  plains  where  fruits  almost  semitropical  may  be 
raised,  furnishes  a  diversitv  of  problems  connected  with  the  disposi- 
tion of  its  water  supply  unequaled  in  numl)er  and  difficulty,  i>erhaps, 
b3^  those  arising  in  any  other  State  in  the  Union.  The  snows  of 
winter,  falling  upon  the  continental  divide,  may  furnish  the  moisture 
b^'  which  the  herbage  and  trees  of  the  mountains  are  watered,  and  the 
watei's  from  these  heights,  collectt^d  in  rivulets  and  streams,  may 
supply  the  motive  power  for  operating  the  stamp  mills  for  the  mines 
of  the  State,  or  may  develop  electric  power  that  may  be  transmitted 
for  running  factories,  or  may  l>e  used  for  sifting  out  the  particles  of 
gold  in  the  placers  along  the  streams  of  both  the  Pacific  and  the 
Atlantic  watersheds.  Again  the  })rooks  and  creeks,  collected  into 
larger  streams  or  rivers,  enter  the  broad  plains  of  the  eastern  half 
of  the  State  or  the  can  von  and  mesa  countrv  of- the  western  half,  and 
furnish  the  lifeblood  of  vast  irrigated  tracts,  where  crops  of  the  most 
diverse  kinds  may  be  raised  for  the  sustenance  of  countless  families, 
and  thus  become  the  assets  upon  which  agricultural  comnuinities  may 
draw,  whether  the>'  are  deiXMulent  upon  wheat  raising,  sugar  factories, 
potatoes  for  the  Eastern  market,  alfalfa  for  feeding  lambs  and  sheep,^ 
or  any  other  of  the  numei'ous  forms  of  agricultural  industry  practiced 
in  Colorado.  Its  water  supply  therefore  becomes  of  the  utmost  impor- 
tance to  the  State,  and  it  is  with  the  hope  that  the  compilation  of  all 
figures  readih'  obtainable  IxMiring  upon  the  subject  may  pi'ove  of 
interest  and  value  to  the  people,  not  only  of  Colorado,  but  of  States 
similarly  situated,  that  the  preparation  of  this  paper  is  undertaken. 

"("((lonulo  AKriculliinil  ('<»lU%'o  IJulletins. 
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10  WATSB  BB8OUR0E8  OF  COLOBABO.  ImlIL 

80UBCES  OF  nTFOBMATIOK. 

For  a  period  of  about  sixteen  years  the  meamirement  of  streams  )m 
been  carried  on  more  or  less  systematically  in  the  Si&te  both  faj  Iks 
Hydrofjfraphic  Division  of  the  United  States  Geological  Survey  tad 
by  the  State  enfrineer^s  office,  working  at  times  in  cooperation  and  it 
times  separately,  but  always  with  the  same  end  in  view— that  of 
throwing  as  much  light  as  possible  on  the  discharge  of  the  streuu 
and  of  determining  the  feasibility  of  storing  water  in  available  reser- 
voirs whenever  the  need  for  such  storage  should  become  apparmt 
The  discharge  measurements  given  in  this  paper  are  compiled  from 
the  re(*ords  of  these  offices.  When  the  different  records  are  found  to  be 
conflicting,  as  they  sometimes  appear  to  be,  credence  is  given,  after  eue- 
iul  consultation  with  those  most  intimately  acquainted  with  the  existuy 
conditions,  to  the  one  appearing  to  be  the  most  likely  to  be  correct 

The  recoi-ds  of  the  United  States  Geological  Survey  and  of  the 
State  engineer's  office  are  the  two  principal  sources  from  which  the 
following  tables  are  compiled,  but  information  has  also  been  obtiined 
from  engineers  located  in  different  parts  of  the  State  wherever  it  was 
possible,  and  ^n  such  cases  due  credit  is  given. 

The  drainage  areas  given  are  computed  from  the  General  Land 
Office  maps  by  means  of  the  planimeter,  these  being  the  ^^^ires 
accepted  in  the  reports  of  the  United  States  Geological  Survey.  The 
descriptions  of  streams  and  drainage  basins  and  of  reservoir  sites  are 
compiled  largely  from  buUetini?,  irrigation  papers,  and  reports  pre- 
viously published,  but  to  a  considerable  extent  also  from  personal 
examination  and  knowledge.  In  the  computations  use  has  been  made 
of  the  tables  given  in  Bulletin  of  the  V,  S.  Geological  Survey  No. 
140,  pages  14  to  32,  and  Water-Supply  and  Irrigation  Paper  No.  27, 
page  96,  to  which  readers  are  referred  for  directions  concerning  the 
use  of  meter  and  computations  of  discharge/'  In  a  paper  of  the  site 
to  which  this  must  be  limited,  it  is,  of  course,  impossible  to  give  com- 
plete results  of  discharge  measurements  and  of  daily  gage  readings. 
It  has  been  thought  best,  therefore,  to  limit  the  data  given  for  each 
station  to  a  table  of  gagings  and  to  a  genenil  table  giving  the  average 
flow  for  each  month,  the  average  for  each  year,  the  maximum  and 
minimum  flow  for  each  year,  and  the  most  important  data  connected 
with  the  stream  measured.  With  each  table  is  given  a  brief  descrip- 
tion of  the  station  at  which  the  results  were  obtained,  showing  the 
value  of  these  results,  the  prevailing  conditions,  and  the  sources  from 
which  the  information  was  derived.     References  are  made,  wherever 

«Sc»calM),  for  method!*  of  making  measurement^j,  Annual  Rojtorts  V.  S.  Geol.  Suxrey:  TenUi.  Put 
II.  pp.  78  to  86;  Eleventh,  Part  11,  pp.  2  to  22;  FoHrtcenth.  I'nrt  IT.  i>p.  %  to  100;  NineteenUi,  Part  IV, 
pp.  18to31:  Twentieth,  Part  IV.  pp.  20  to  22.  Als«>.  Stato  KngiiietTs*  Bit-nnial  Reports:  Second,  pp. 
5  to  9;  Thinl.  p.  5;  Fourth,  pp.  59  to  88;  Fifth,  pp.  34G  to  :V49;  Sixth,  p.  8:  Seventh,  pp.  196  to  217;  and 
IrrigatioD  Bulletin  No.  1.  • 


>wi.]  SOURCES   OF   INFORMATION.  11 

"^iey  are  deemed  desirable,  tx)  the  reports  or  water-supply  papers  of 

'Clhe  United  States  Greological  Survey  that  give  more  detailed  inforina- 

^on,  so  that  any  reader  looking  up  discharge  data  ujx)n  any  particular 

stream  may  be  assisted  in  his  search  for  the  most  complete  informa- 

"•ion."    For  greater  convenience  of  reference  the  following  ta.blo, 

ahowing  the  publications  most  fully  covering  the  hydrographic  work 

for  each  year  from  1883  to  IJXH)  inclusive,  is  given  IhjIow: 

Heport^  of  the  St^ite  engineers  ttf  <  olt/nulo. 

Second  Biennial  Report,  188^-1884. 

Third  Biennial  Report,  1885-1886. 

Fourth  Biennial  Report,  Parts  I  and  II,  1887-1888. 

Fifth  Biennial  Report,  Parts  I  and  II,  1889-1890. 

Sixth  Biennial  Report,  1891-1892. 

Seventh  Biennial  Report,  Parts  I  ami  II,  1893-18tM. 

Eighth  Biennial  Report,  1895-1896. 

Ninth  Biennial  Report,  1897-1898. 

Tenth  Biennial  Report,  1899-1900. 

Publicaiioiuf  of  the  VnUed  Statin  Geolwjictd  Surt'ty. 

Tenth  Annual  Report,  Part  II,  1888. 

Eleventh  Annual  Report,  Part  II,  1889. 

Twelfth  Annual  Report,  Part  II,  1890. 

Thirteenth  Annual  Report,  Part  III,  1891. 

Fourteenth  Annual  Report,  Part  II,  1892. 

Bulletin  No.  131,  Report  of  ProgreHS  uf  tlie  Division  of  Hydrography,  1893. 

Bulletin  No.  131,  Report  of  lV>gre88  of  the  Division  of  Hydrography;  also  Six- 
teenth Annual  Report,  Part  II,  1894. 

Bulletin  No.  140,  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Cal- 
endar Year  1895;  also  Seventeenth  Annual  Report,  Part  II,  1895. 

Eighteenth  Annual  Report,  Part  IV;  also  Water-Suj)i>ly  and  Irrigation  PajKT  No. 
11,  1896. 

Nineteenth  Annual  Report,  Part  IV;  also  \Vater-Sni)ply  and  Irrigation  Papers 
Noa.  15  and  16,  1897. 

Twentieth  j\nnual  Report,  Part  IV;  also  Water-Supply an<l  Irrigation  Pa}>ers  Nos. 
27  and  28,  1898. 

Twenty-first  Annual  Report,  Part  IV;  also  Wator-Supply  ami  Irrigation  Papers 
Nos.  35,  36,  37,  38,  and  39,  1899. 

Twenty-second  Annual  Report,  Part  IV;  also  Wator-Supply  and  Irrigation  Papers 
Nr>s.  47,  48,  49,  50,  51,  and  52,  19()(). 

In  the  compilation  of  this  pjipor  ussistiinco  has  been  g'ivon  l)v  many 
different  persons  and  corporations  intor<»stt»(l  in  the  use  of  watt^r,  and 
to  all  these  thanks  are  extend<»d.  Th<'  att^'uipt  has  been  mad(*  to  j^ive 
proper  credit  in  all  eases  where  such  assistance  has  Ihmmi  furnished. 
The  illustrations  are  selected  from  i)hotot(i*aphs  madi*  undi»r  th<»  aus- 
pices of  the  Survey,  and  from  those  furnished  })y  parties  assisting  in 
the  pn»paration  of  this  paper. 

Mlti«inot  inteiuUMi  that  tin.*  refrronccs  to  piililiciitions  n'latlnK  t«>  this  subject  shall  forui  a  com- 
plete biblioffraphy,  !»nt  an  attempt  is  ina<ie  to  as^ist  the  retwler  in  tindin^  some  of  the  most  eanily 
obtainable  Information  <ni  thv  .•'iibjects  considereii. 
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VAI^l^Fi  or  SUPPLY.  1^ 

Thr  niiiiin^  iii(histri«'s  of  Colorado  depiMid  very  largely  upon  the 
Wttt<*r  supply  of  thv  mountain  rojfion  for  the  development  of  poirer 
hy  which  stani])  mills  and  sampling  workn  may  l)e  operated,  and  tfe 
mining  towns  an'  d<»iM*nd('nt  upon  electric- light  and  power  planb 
O]x'nito(l  hy  WHt«»r:  mid  th<'  mills  and  factories  of  the  State  are,  to  I 
great<»r  an<l  greutiMM'xtent,  lK»ing  run  hy  the  same  means;  further,  the 
cultivation  of  Ix^tween  two  and  three  millions  of  acres  of  land  is  mtde 
jK)ssihlr  l»y  water  used  in  irrigation;  and  when  it  is  seen  that  this 
water  supply  is  so  limit<'(l  that  the  nonnal  flow  of  very  many  of  the 
streams  is  entirely  exhausted  and  that  aln»ady  recourse  is  being  had 
tostonige  in  reservoirs,  Imilt  tocons<»rve,  for  use  in  seasons  of  low  water, 
flo(Klwat«'r  that  would  otherwise  go  to  waste,  it  will  then  be  evident 
that  its  water  supply  is  of  the  greatest  moment  to  the  State.  This 
fact  has  heen  recognized  hy  the  jw^ople  themselves  ever  since  the  State 
was  formed,  and  a  (M)mplicated  system  of  laws  has  been  built  up 
controlling  the  water  and  its  distrilmtion  among  consumers.  TTiis 
suhieet  has  alreadv  been  fullv  treated  in  a  numl)er  of  different  bulle- 
tins  and  i)aixM-s,  among  which  are  Water-Supply  and  Irrigation  Paper 
Xo.  !♦.  r.  S.  (ieologii-al  Survey,  and  Bulletins  Nos.  58  and  60  of  the 
I'nited  Statics  l)<»partmeiit  of  Agriculture,  as  well  as  the  Irrigation 
Laws  of  Colorado,  as  compiled  and  furnished  )»y  the  State  engineer's 
oiiice,  so  that  nothing  more  than  a  brief  discussion  as  to  the  owner- 
ship of  water  hy  Colorado  is  n(H-(\^sary  at  this  time. 

By  the  Stat<»  constitution  the  watei'  is  declared  the  property  of  the 
State,  and  as  such  is  to  bo  distributed  and  used  in  accordance  with  its 
occnirrence  and  availabilitv.  The  entire  svstem  of  State  laws  distribu- 
ting  the  wat<»r  among  consumers  is  based  ui)on  this  plan,  the  State 
engineer  being  mad<\  next  to  the  courts,  the  head  of  the  dejxirtment 
having  immediate  supervision  of  the  subject,  and  Ijeing  the  final 
authority  on  (juestions  relating  to  the  use  of  water,  subject  to  appeal  to 
"the  courts.  Next  to  him  and  his  deputicv-^  are  the  suj>erintendents  of 
the  various  irrigation  divisions,  of  which  th(»re  are  6.  each  of  them 
comprising  lands  drainer!  by  one  of  the  six  pi'incipal  streams  of  the 
Stat(»:  nanndv.  the  South  Platt(»,  the  Arkansas,  the  Kio  (irande,  the 
vSan  Juan,  the  (irand,  and  the  (ireen  riv(»rs.  F^ach  of  these  divisions 
in  turn  is  divided  into  water  districts,  each  one  comprising  one  or 
more  of  the  tributaries  of  the  various  laig(»  stn»ams,  or  parts  of  the 
main  streams  themselves,  each  district,  of  which  there  are  09  in  the 
State,  being  under  the  su])ervision  of  a  water  commissioner,  whose 
duty  it  is  to  regulate  the  use  of  tin*  water  under  his  immediate  juris- 
diction, appeals  being  possil^le  fnun  tht»  connnissioner  to  the  superin- 
tendent, from  the  su]M'rintendent  to  the  State  engineer,  and  from  the 
Sttite  <*ngineer  to  the  courts.     This  pvwXU'vow  o^  VW  "t^^\\x^  \v\tA>  divi- 
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idons  and  districts  will  be  treated  more  fully  later,  so  that  fui-thcr 
lescription  is  unnecessary  at  present. 

The  uses  of  the  water  are  so  numerous  and  varied  that  the  udminis- 
^ration  of  the  laws  relating  to  water  is  very  difficult.  In  C.'oloi'ado  the 
riparian  doctrine  does  not  obtain,  so  that  this  complication  is  removed — 
it  least  unless  decisions  should  be  rendered  in  the  United  States  courts 
icknowledging  such  rights  as  l>elonging  to  the  States  into  which  the 
itreams  flowing  out  of  Colorado  nm — but  the  complications  arc  nu- 
merous enough  as  it  is.  The  supply  of  water  is  so  limited  comimivd 
with  the  demands  for  it  that  earl}'  rights  or  priorities  l)ccome  of  the 
utmost  importance.  The  principal  uses  to  whi<*li  the  water  may  be 
pat  may  be  classified  in  the  order  of  imjwrtance  as  dom<»stic  use,  irri- 
gation, mining,  and  milling.  The  use  of  the  normal  flow  of  the  streams 
is  considered  as  of  first  impoitance,  the  use  of  stored  water  being  a 
matter  for  secondary  consideration. 

The  order  in  which  water  would  naturally  Dc  used,  However,  is  dif- 
ferent, and,  leaving  out  of  consideration  entirely  for  the  present  the 
&ct  that  priority  of  use  may  determinii  right  to  use,  it  is  obvious  that 
the  physical  nature  of  the  State  has  an  important  l>earing  upon  the 
problems  of  use.  The  mines  l>eing  situated  in  the  mountains,  and 
the  natural  conditions  being  usually  such  that  the  clearest  and 
best  water  is  found  at  the  higher  altitudes,  it  is  evident  that,  other 
things  being  equal,  water  for  domestic  use  and  for  mining  would  be 
demanded  at  the  highest  available  points  upon  each  stream.  After  the 
water  begins  to  find  its  wav  into  can vons  and  over  waterfalls — in  other 
words,  when  it  is  discharging  from  the  mountains  into  the  plains — the 
conditions  evident!}'  become  more  favorable  for  the  dcvc^lopmcnt  of 
power,  the  fall  of  the  streams  being  rapid,  and  the  (juantities  being 
sufficient  for  such  use.  Again,  after  the  water  de)K)uches  from  the 
mountainous  area  and  enters  the  plains,  it  is  evident  that  irrigation 
may  be  practiced  upon  a  broader  scale,  so  that  the  order  of  use  upon 
a  stream  would  natumlly  be  domestic  use.  mining,  milling,  and  water 
power,  and,  finally,  irrigation. 

The  brief  dlsc^ussion  of  the  uses  to  which  the  water  may  he  put  in 
Coloi'ado  sufficiently  demonstrates  the  importance  of  th<»  subject.  It 
is  not  within  the  province  of  this  paper  to  treat  of  th(»  administration 
of  the  laws,  or  to  discuss  the  subject  of  priorities.  Its  intention  is 
simply  to  show,  so  far  as  possible*,  how  much  water  is  available  for 
use  in  some  of  the  streams  of  the  State,  and  to  indicate  bri(»llv,  bv 
examples,  something  of  what  is  being  don<»  in  harnessing  this,  ont»  of 
the  greatest  dvnamics  of  natun*,  for  the  use  of  man.  At  the  same 
time  an  effort  will  l)e  made  to  show  the  necessity  for  the  storage  of 
the  waters  that  now  go  to  waste  in  the  winter  seasons  and  at  flood 
stages,  in  order  that  there  may  be  the  most  economical  and  thorough 
use  of  this  great  resource.     That  the  period  wheu  ^Ioy^^'^  \^  4L'^\si^\NisA 


14  WATER  BBBOUACEB  07  OOLOBADO.  ^ 

10  already  at  hand  is  clear  to  all  stadents  of  the  hydrogmpliy  of 
State,  for  the  normal  flow  of  the  majority  of  the  Btreams  is 
utilized  and  exhaonted.  It  is  not  now  propoeed  to  disctUB  the 
economical  use  of  water — ^that  water  is  used  in  Colomdo 
gantly  and  in  ways  that  would  not  be  tolerated  in  a  oomitry 
advanced  in  scientific  irrigation  is  beyond  question — but  simply  U\ 
consider  the  present  use  of  water  and  endeavor  to  devise  methods  lif  ^ 
which  this  use  may  be  extended,  so  far  as  possible,  under 
conditions.  Necessity  will  compel  more  economical  use  in  the  fotim; 
but  the  present  most  urgent  need  is  that  the  water  which  now  goes  t$ 
waste,  and  is  of  no  service  to  man  shall  be  conserved  so  as  to  be  avaib- 
ble  for  beneficial  use.  Such  streams  as  the  South  Platte,  the  OMshi 
la  Poudre,  the  Arkansas  and  its  tributaries,  the  Rio  Ghiande,  aai 
numerous  other  streams,  furnish  normally  an  insuficient  supply  for 
present  need^,  but  if  the  flow  could  be  equaliced  by  the  storage  of 
water  in  reservoirs  the  irrigated  area  in  Colorado  might  be  gnatij 
extended.  The  importance  of  this  fact  is  already  felt,  and  in  msay 
places,  as  upon  the  Big  Thompson,  the  Oache  la  Poudre,  and  th 
Arkansas,  considerable  water  is  already  being  stored,  to  the  greit 
benefit  of  the  oeople  within  the  irrigable  territory  lying  below  the 
reservoirs. 

RUN-OFF. 

The  physical  conditions  affecting  the  run-off  in  the  State  of  Colorado 
are  .so  various  that  it  is  impossible  to  formulate  an  even  approximately 
correct  rule  as  to  the  percentage  of  the  minfall  carried  from  the  drainage 
area  into  the  streams."  In  case  of  a  violent  storm  of  the  nature  of  a 
cloud-burst  in  a  rocky,  mountainous  district,  as  much  as  75  or  80  per 
cent  of  the  precipitation  may  be  collected  into  the  nearest  streams;  it 
will,  however,  ]>e  largely  taken  up  by  percolation  into  the  soil  before 
it  has  run  a  very  great  distance.  On  the  other  hand,  a  great  amount 
of  water  falling  gently  upon  a  sandy  plain  may  l>e  entirely  a1)sorbe<l 
by  the  soil  and  may  evaporate  before  any  water  whatsoever  has  run 
off.  Computations  of  the  percentage  of  run-off  are  often  misleading, 
also,  from  the  fact  that  water  is  being  constantly  taken  out  of  the 
various  streams  for  irrigation.  For  example,  no  accurate  estimate 
could  be  made  from  the  discharge  of  the  Arkansas  River  at  Rocky- 
ford  as  to  the  p(»rcentage  of  run-off  from  the  drainage  area  above,  as 
water  is  constantly  l>eing  taken  out  for  reservoirs  and  for  direct  irriga- 
tion, and  the  amount  so  taken  can  hardly  be  calculated  unless  a  com- 
jjlete  record  is  made  of  the  intake  of  eacli  canal,  whether  large  or 
small,  along  the  Arkansas  and  all  it«  tributaries.  Where  there  are  no 
irrigating  canals  or  ditches  along  a  stream  it  is  comparatively  easy  to 
determine  the  percentage  of  the  total  precipitation  contained  in  the 

«8ee  alfo  Biennial  Reports  of  the  State  Enjfinot»r:  Swond,  pp.  lO-lS;  Fourth,  pp.  17-23, 


J  BUN-OFF.  15 

[  at  a  given  point:  but  when  water  is  diverted  from  a  stream  in 
uantities  that  only  a  com]>aratively  small  ix)rtion  returns,  the 
lination  of  run-otf  IxM^omcs  difficult.  Where  gaging  stations  are 
i  at  the  mouths  of  canyons,  however,  alx>ve  which  there  is  little, 
,  diversion,  the  jwrcentage  may  be  determinc^d  with  reasonable 
cy,  although  even  then  it  is  difficult  to  find  jKjints  on  any  of  the 
IS  alx>ve  all  diversion  for  irrigation  and  yet  far  enough  down  to 
jreat  use  in  the  determination  of  run-olf.  For  example,  on  the 
ain,  the  discharge  at  the  gaging  station  at  Lyons  will  not  give 
tly  the  run-off  of  the  dniinage  basin  aliove,  for  the  reason  that 
W8  are  l>eing  irrigated  at  phices  far  above  the  gaging  station, 
oulder,  again,  is  at  times  losing  water  that  is  being  stored  in 
oirs  high  up  in  the  basin,  and  such  is  the  case  with  the  majority 
other  streams.  For  these  reasons  no  attempt  has  lieen  made*  to 
line  what  relation  the  total  precipitation  bears  to  the  run-otf. 
rs  interested  in  these  computations  are  referred  to  Part  IV  of 
rentieth  Annual  Keix)rt  of  the  United  Stat(»s  Geologicjil  Survey, 
the  run-off  does  dei>end  uix)n  the  precij)itation,  however,  is 
ident,  and  for  this  reason  a  tabh*  giving  the  precipitjition  at 
8  points  in  the  State,  beginning  with  the  year  LsiMJ,  is  fur- 
.  A  comparison  of  the  depth  of  the  run-off  in  inches,  as  given 
tables  of  discharge,  with  tlie  i)recipitation  in  inches  for  a  given 
rvill  give  an  approximately  correct  idea  of  the  amount  of  water 
y  in  a  stream  at  any  given  point." 

S^ormal  tnnprrntni't  ami  jn'*rijtltfttlnii  at  Rtntinnx  in  Colnratin. 

tl  fn>m  the  refonis  of  thr  ofllct.'  of  thf  r.  >,  Wmihrr  Burt-Hii.  at  I^mvcr.  ("olo.     V.  II.  Bnind- 

viibiirK.  s«'<'ti«»n  director.] 
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As  has  1)0011  sujrirosted,  tho  run-oH'  of  a  inoiintainou.s  aroa  will  differ 
very  oun8idcra))ly  from  ttie  riin-otf  of  vui  ox^vial  iu'<^a  on  the  \)lain.'>.     A 
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given  amount  of  precipitation  in  South  Park,  for  example,  will  fur- 
nish to  the  8ame  Htream  a  very  much  greater  run-off  than  the  name 
amount  of  precipitation  on  the  plains  north  of  Sterling,  the  more 
rocky  and  broken  by  ravines  the  territory  the  greater  lM»ing  the 
percentage  of  run-off.  The  character  of  the  rock  formation  and  the 
nature  of  the  canyons  through  which  the  watt»r  flows  also  have  impor- 
tant l)earings  upon  this  percentage.  Twelve  inches  of  precipitation 
on  the  headwaters  of  th<t  Arkansas  will  furnish  a  greater  percentage 
of  run-off  than  the  same  amount  falling  on  an  c(|ual  area  of  the  Me.sa 
Verde,  in  southwestern  Colonulo,  the  rock  in  the  form4»r  case  absorb- 
Ing  little  water  and  the  soil  l)eiiig  of  such  nature  that  the  water  does 
not  percolatii  through  it  to  a  very  great  exU^nt,  and  the*  rock  in  the 
lattt^r  case  being  a  soft  sandstone  and  the*  nivines  having  sandy  l)eds. 
For  these  reasons  it  is  evident  that  to  determine  the  run -off  at  any 
pailicular  point  a  series  of  stream  measurements  must  Iw  made,  for 
deteriuinations  Imsed  solely  on  the  precipitation  of  a  region  would  Ih^ 

only  approximate. 

The  effect  of  forests  in  conserving  moisture  and  in  Hindering  the 
discharge  of  the  streams  more  eciual  throughout  the  ye^ir  is  thor- 
oughly deinonstmt(»d  and  genenilly  admitted."  Whether  or  not  the 
presence  of  forests  incream^s  precipitation  in  a  given  territory  is  of 
little  importance  compired  with  the  <piestion  of  the  extent  to  which 
the  forest  keeps  back  the  floods  of  th<»  spring  and  early  summer  for 
later  use.  An  examination  of  discharge  Uiblcs  obtiiintul  at  stations 
that  have  been  long  maintiiincd  will  show  that  the  high-water  stage  is 
l>ecomiiig  (*ach  year  earlier  and  of  shorter  duration.  It  is  self-evident 
that  anything  that  will  t(Mi(l  to  (Mjuali/i*  the  flow  of  streams  through- 
out the  year  has  an  important  bearing  on  tlu*  use  of  water.  A  given 
stream  may  be  adeijuate  to  irrigate  all  the  cultival)le  land  along  its 
borders  if  its  water  can  be  properly  distributed  throughout  the  irri- 
gating season.  When,  however,  as  is  the  ease  upon  many  streams,  the 
water  runs  off  ra])i(lly  in  May  and  in  tin*  (Mirly  i)art  of  June,  it  will 
happen  that  while  there  is  a  great  surplus  of  running  water  during  the 
(»arly  i)art  of  the  year,  yet  the  stream  may  be  iu»arly  dry  at  a  time 
when  a  great  deal  of  watiM-  is  needed  for  irrigation.  This  is  th(»  case, 
for  example,  upon  the  Maneos  Kiver.  in  the  southwestern  part  of  the 
State,  in  which  during  the  month  of  May  enough  water  goes  to  waste 
to  furnish  all  the  adjacent  iirigablc  land  with  a  sufficient  supply  if  it 
could  l)e  pro])erly  stored. 

In  studvin<r  this  (luestion  one  should  not  fall  into  the  error  of  sup- 
|K)sing  that  in  order  to  make  t\\o  most  (M'onomical  and  >atisfactorv  use 
of   the  water  tlie   supply   >hould   be    e(|ual  throughout   tlie  summer 

«Soc  Fifth  Biirnniiil  Kr|M»rt  of  tin-  Statf  Knuiiii'ir of  Colorado,  \^.  UV.  Hulh'tiii  No.  r^'j,  Colorado 
A^prirultural  KxiKTlmmt  SUiiioii:  Twiiilitlh  Aimniil  KojM.rt.  I'.  6.  GeoloH^cal  fcjurvuy,  I'art  V,  and 
ruportnuf  the  Forestry  Divi^^ion  o/  thi-  J)('|.nrlliU'nl  t»f  A^^icu\tViI\J. 
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M!iiiu>n.  I'muillj-  more  wator  is  n(>(^iMl  in  Uic  latter  part  of  May 
ill  OHi'Iy  Juno  thun  would  tie  miuirf^d  in  any  other  moiitb;  tJiat  his 
my,  tho  duty  of  watt-r  -llu!  uri-a  of  liind  tliiit  may  )«.'  servod  hy  * 
givi>ii  quantity  of  water — it*  leuitt  in  May  and  June,  and  incrcA«cd  rap- 
idly townrd  the  end  of  the  season,  ito  tiiul  it  would  Iw  a  mistake  ta 
suppotte  that  if.  for  example.  Iffl)  cuhie  feet  per  wcond  were  rMjuiml 
for  H  given  urew  at  the  tiin<?  when  most  wuti-r  wu«  u«edcd.  that  provi- 
sion must  also  lie  ina<io  for  a  fl<iw  of  100  eiibie  fwt  per  HtHHjnd  r*^ 
liirly  tliroHtfhout  the  remainder  of  the  Ao-twllfd  irri^tioo  set 
Sueh  a  run  of  wat«.'r  at  a  time  when  Utile  of  it  was  lioing  iwed  <-ouiii 
not  do  othorwi-te  than  eauw  great  daniaae  liy  wa--<hiiiK  iiway  tlie  soil 
and  making  swamps  of  the  lowlands.  The  amount  of  water  U!*ed  ■! 
various  iwaaou)'  will  depend  largely  on  the  kind  of  eropt^  ra[»ud  and  un 
the  niittire  of  the  ^^eaNoit.  Thin  phase  of  the  irrigation  prolilem  is 
being  tttudied  by  the  Agrieultural  Department,  and  a  nunilx^r  of  liul 
Ifitintt  and  papiTK  have  already  been  wrifU'n  on  this  nubject,"  as  well 
au  on  loss  of  water  by  nefipage  and  evaporation.*  It  iw  therffon-  sulli- 
ciont  here  to  va\]  attention  to  tht^  fai;tf^  that  when  the  run-off  in  tbp 
^reatoHt  the  uie  of  wat^r  U  also  generally  the  greatest,  and  that  thr 
amount  of  water  mrpiired  diminlihe.'^  wimcwhat  as  the  normal  supply 
itself  diminishes,  only  less  rapidly;  no  that  the  moitt  eoonominti  udp 
of  the  water  of  a  given  stream  is  obtained  when  all  the  land  aloii|,' 
that  stream  is  cultivated  that  tan  lie  supplied  with  water  dtitvtly  from 
the  Htrejtm  itsulf  for  about  two  months  of  the  yejir,  the  linlaiieo  of  the 
supply  Iwing  stored  from  wat«rs  that  would  otherwi-e  have  gone  M 
waste  during  the  high  slaget-,  and  the  umountof  land  cultivated  being 
so  regulated  that  practieally  all  of  the  water  is  used. 

On  streams  where  there  is  no  flow  normally,  as  is  usually  the  asp 
with  the  Htreainn  of  the  plains,  the  supply  eonslsting  almost  entirely 
of  a  discharge  lasting  a  few  hours  ofily  during  and  after  storms,  Ihe 
situation  is,  of  <'oiirse,  different.  If  all  of  the  water  of  sueh  stream* 
can  lie  stored  in  reservoirs,  it  may  lie  drawn  off  gradually  and  uswi 
for  irrigation.  The  chief  difficulties  in  sueh  ea.ses  are  that  the  wat^^r 
usually  comes  down  in  groat  iiuantitios  very  heavily  laden  with  silt, 
*o  that  it  is  almost  impracticable  to  construct  canals  that  will  carry  il 
without  either  erosion  or  fJlliug,  and  that  reservoirs  constructed  in  ibc 
lied^  of  such  streams  usually  fill  with  sediment  very  ipiickly,  Somc- 
tJmee,  however,  a  stream  is  so  fortunate  in  its  situation  and  regimen 


0  IT.  (i.  Iiepurlmml  ot  Agrlcnlturv,  Offloe  of  Experiinvnl  SUliuiw.  N<«.  71,  a, 
SB,  Dud  BulIcliD  No.  Z-J  i>[  the  AttridiUiinl  ExiH-rlnu'Dt  Slaltoa  al  r\>n  CtiUlni.  Colo..  &nd  1 
Qcologrtcal  Survey  Anniwl  Rtrporu  iuIo11ow»(kc  Inrllc«  ot  nmo,  under  Duly  of  W«t«»l;T< 
nut II:  ElDvrnib.  rulll;  Twelfth,  I'ut  II;  Thirteenth,  Piirt  III; 
p.  M;  SixUi.  p.  1^;  Rcvetith,  p.  T;  Eighth,  p.  20:  NIdUi.  pp.  17,  !>1 
tiu«bjlrrltiiitli<n.  Elovcnlh  Cciuiu.  by  P.  S.  Newell,  p.  W. 
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THHlttli,  I>wtII;I)ilrtc<>DUi,  Pan  lit;  Fmnoenlh.  fvt  ft;  TwcaUeUi,  PutH:  bIn  BiUleUn  Ko.  W 
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that  a  considerable  portion  of  its  water  niay  be  drawn  away  from  the 
diannel  in  which  it  flows  and  diverted  to  somli  adjacent  reservoir  site. 
The  chief  differences,  therefore,  between  a  mountain  or  perennial 
stream  and  one  flowing  on  the  plains  are  that  irrigation  may  be  prac- 
ticed from  the  first  by  water  taken  directly  from  the  stream,  while  the 
water  from  the  second  must  be  stored  lieforc  it  nin  be  used,  and  that 
the  water  of  one  is  comparatively  clear,  while  that  of  the  other  is 
inordinately  filled  with  silt. 

The  storage  of  surplus  water  in  a  great  problem  in  itself.  In  many 
localities  where  there  is  plenty  of  water  that  is  going  to  waste  no  sat- 
isfactory reservoir  sites  are  available;  on  the  other  band,  many  of  the 
best  reservoir  sites  of  the  State  are  in  localities  where  it  is  diflicult  to 
^t  water  to  them  from  the  natural  streams.  Few  people,  compara- 
dvely  speaking,  realize  how  large  a  reservoir  nmst  be  to  supply  any 
considerable  amount  of  land  with  water  for  irrigation.  Thone  who 
iiave  reservoir  propositions  in  view  should  In^ar  in  mind  that  where 
And  is  to  be  irrigated  entirely  by  means  of  the  water  stored  in  a  I'es- 
)rvoir  it  will,  making  all  nci^essary  allowances,  take  approximately 
S  acre-feet — that  is,  2  acres  c*overed  with  watia*  1  foot  deep,  or,  what 
tmounts  to  the  same  thing,  1  acre  covcrexl  with  water  2  feet  deep— 
x>  irrigate  a  single  acre  of  land  for  a  season;  so  that  to  irrigate  1,()00 
kcres  of  land  would  require  a  reservoir,  let  us  say,  covering  an  area 
>f  liX)  acres  20  feet  deep,  if  all  the  water  is  to  be  derived  from  this 
source  and  none  directly  from  the  strenni.  This  suggestion  is  made 
For  the  reason  that  persons  often  recommend  the  examination  of  a 
reservoir  site  which  they  say  would  store  water  for  a  whole  town- 
ship, whereas  in  reality  it  would  furnish  little  more  than  enough  for 
stock  use  for  a  good-sized  cattle  iiiiich.  That  there  are  many  avail- 
able reservoir  sites,  however,  throughout  the  Staitc,  is  l)eyon(l  ques- 
tion, and  information  and  data  concerning  such  sites  is  always  gladly 
received.  A  few  of  t\n\  more  important  siti»s  already  examined  will 
be  mentioned  from  time  to  time  in  this  inq>er. 

WINTEli    DISC'lIAJUiK. 

In  compiling  the*  tables  given  hereafter  the  records  for  the  winter 
months  have  usually  b(»en  a(-cept(^d  as  furnished  by  the  observ<M*s.  It 
is,  however,  unsafe  to  trust  these  records  unreservedly,  for  in  iK^arl^' 
all  of  our  mountain  streams  ice  gorges  are  constantly  Inking  formed  in 
winter,  changing  the  v(»locity  of  th(»  current  and  the  gage  height 
recorded  by  the  observer  without  materially  changing  the  discharge 
of  the  stream.  It  is  often  safer  to  strike  an  average  ]>ctween  the 
November  flow  and  the  flow  of  about  thi?  middle  of  March  (»r  the  first 
of  April  following  than  to  trust  to  the  apparent  discharge  as  derived 
from  the  observations.     For  this  rea.^on  the  winter  discharge  has  Ixicn 
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oNiittt'd  from  ii  iiuiiiIht  of  stutions  whore  the  li^furrs  if  given  would 
have  Imtii  al»M)hitelv  mi.*<lea(linjj:  they  are  n*Uiiiied,  however,  in  a  few 
st^itions,  and  where  anv  fal>e  impression  might  arista  from  tbo  ti^re^ 
given,  attention  is  nilh^l  to  that  faet  in  a  footnote. 

KXIM.ANATIOX   OF  TAHLKS. 

In  general  th<'  tables  given  in  this  jwipf^r  are  sum marizo<l  from  all 
available  (lata.  For  stati<nis  where  n^conls  t»xist  for  from  one  tothnv 
vears  onlv  the  <liseharire  is  iriven  for  eaeh  vear  indivi(hiallv.  hut  for 
stations  where  reeonls  have  heen  maintained  for  four  or  more  vt'ars 

• 

the  avenigt*  discharge  is  usually  given  for  eaeh  month  during  whirh 
the  reeord  was  kej)t  and  these  averages  are  again  avenige<l,  givinjr* 
mu'mal  discharge  for  each  month  as  <*omputed  f<»r  that  month  of  each 
vear  during  which  records  were  kvpU  these  InMng  again  av«»niged  for 
a  n(»rmal   vear  «»r  that   portion  of  Oie  vear  covennl  hv  the  ret'onk 
The  discharge  in  second  feet  |M'r  sjjiiare  mile  given  in  the  veiticid  rol- 
unnis  in  these  tahl«'s  is  the  amount  corresponding  to  the  avenige  flow 
for  the  saiui*  months  or  pericnls.  the  <h»pth   in   inches  Inking  deriv»*<l 
directly  from  the  llow  in  second  feet  ])er  T^juare  mih»  and  corrcsjmmli 
ing  thereto.     Tin*  discharge  for  that  portion  of  each  y<*ar  covered  N 
tin*  record,  or  for  the  whole  year,  as  the  case  may  he.  is  averaged  a lu 
placed  helow  the  i-ecord  for  that  yeai*.     The  numher  of  acre-fe<»t  jrivii 
is  in  each  case  the  coriesponding  amount  for  the  pericul  covered.    Th( 
fuunl>erof  second-fret  perxjuare  mile  i^  d"rived  from  the  average  flov 
for  the  period  voNcred.  and  ilie  drptji  of  ruM-oti"  in  inches  is  deriviM 
from  them,  u-uallv  lor  a  tiiirtv-(la\  inTJod.  hut  at  timi's  for  the  entirt 
year  or  foi-  the  entire  pei-i(Mi  covricd,  the  \ariations  h<*ing  nientioiu^d 
in   tile  aceonipanvih""  t'o(>iiiote  in  each  ea^e.      It   i>  iK'lievetl    that   tii« 
footnote  aceompanyin;^'  ea<ii  table  is  >utlieient    for  further  expLuiatiol 
of  the  tal)le. 

iiMriciA  rioN  N^  si'KM. 

A>   lia>   alieadv  i)een    nientioneil.  the   State  of    Colorado   is  divi<W 

« 

into  >i\  irrigation  div  i^ion<.  (nkIi  jompri'-ing  a  eonsiderahU*  portion 
of  the  State.  <lraine(l  n^ually  l»\  a  >in^le  sli'eani  and  its  tributaries 
these  tiivi>ion-;  heing  in  th<'ir  tniii  di\  ided  into  districts  (see  IM.  1), 
as  will  he  more  full\  doerilu'd  later. 

The  >i\  divi^ion^  ari*  a^  follow^:  l)i\i-i<)n  No.  1,  or  South  Platte 
River;  No.  II,  or  .Vrkansi-  Ivi\er;  No.  ill.  <»r  Kio  (frande:  No.  IV. 
or  San  duan  Kivt'r:  N<>.  \.  or(ii:ind  lvi\er:  No.  \'l.or(ireen  KiviT 
each  e()n>i<tin<:"  in  "'enei-al  of  the  territ<»r\  diaine(l  hv  the  strcail 
(with  it^  trilMitarie<)  from  which  ihe  di\  i-ion  lake^  its  name. 

■' Iliil  ii!  iii^   \'ii-.  .'>>.  ••!'.  iiii'l  7;'.   ••'!.■  I    I  1    I.\  j-trii"i    1 .    -i. ;!>'•■-     •      ~     1  "t  p.irt  nn'iit   •»!    .\i:r:«'i;'.i!iiv 
Wjiirr  >ii|»i'l\  iiinl  Irri«alii»ii  1';i|mi  N...  '.».  l' .  .-.  «ioo.i.u:<  .i".  -  ii\'  ;.    ..'.i  i  i-  jMiit-i.i  tin- Siaii- Kriiriiivt-r 
oi  ( 'iihiiinln. 
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SOUTH  PLATTE  DIVISION. 
I)KAINA<;R. 

)ivision  No.  I,  or  South  Platte*  River  division/' consists  of  the  terri- 
y  drained  by  South  Platte  River  and  its  trihutiiries,  hut  in(dudes  also 
rth  I^ark,  drained  by  the  North  Piatt^"  and  its  tributaries,  in  which 
located  water  districts  Nos.  46,  47,  and  48.  Wat<'r  district  No.  05 
dso  includcnl,  which  cov(»rs  thc^  territory  within  the*  northern  half 
the  Kansiis  River  Basin  in  Colomdo  draincnl  bv  Frenchman  Creek, 

North  Fork  of  the  Republican,  and  the  Arikaree.  The  two  latt<*r 
nuns,  however,  in  district  No.  65,  are  of  little  iniiH)rtanc(»,  so  far 
irrigation  in  Colorado  is  conc«»rn(»(l,  as  they  lu»ad  too  ni»ar  the  inist- 

border  of  the  State  and  carrv  too  small  amounts  of  water  to  Im»  of 
ch  value.''  The  countrv  drained  bv  th(*s(»  streams  varies  in  altitude 
m  about  5, (KM) down  to  H,.S(M)  feet  above  sea  level.  This  area  is  what 
1  been  known  in  the  ])ast  as  the  rain-belt  countrv,  and  for  some*  years 
re  wjis  a  g(»nend  belief  that  farming  could  \n\  practicc^d  success- 
ly  in  that  region  without  irrigation,  but  such  farming  has  not  been 
ind  to  be  protitttble,  and  agriculture  in  that  section  hereaftc*r  will 
generally  limited  to  small  nicts  that  can  be  irrigjited,  either  directly 
ni  the  streams  or  bv  Uicans  of  stonige.  In  some  cases  artesian 
lis  ])ioduce  a  How  suilicient  for  stock  ust^  and  for  the  cultivation  of 
nil  patches  of  ground.  No  gjiging  stations  have  been  (\stablished 
)n  anv  of  these  streams. 

The  streams  of  North  Park  are  of  more  importance.  District  No. 
consists  of  th(»  ti'rritory  dniined  by  the  North  IMatte  pro])er  in 
lorado  as  far  down  as  its  junction  with  Middle*  Fork.  No.  47  con- 
s  of  the  territorv  drained  bv  the  Middle  Fork  and  its  tributaries 
[  the  North  Platte  below  its  junction  with  Middle  Fork.  No.  4S 
isists  of  the  drainage  i>asin  of  the  Laramit*  and  its  tributaries. 
?  territory  comprising  North  Park  is  in  general  a  rolling,  more  or 
%  timbered  countrv,  with  numoious  small  streams  ilowinir  throuirh 

The  principal  industry  is  stock  raising,  crop  raising  })eing  limited 
hay  and  grain.  Little  irrigation  is  practiced,  this  being  limited 
nci])allv  to  hav  uhmkIows.  On  the  L:irami(\  however,  a  com- 
•ation  arises  from  the  fart  thtit  a  eanal,  called  Skyline  canal, 
es  a  consid(»rai>h'  j)ortion  of  the  upper  trilMitaries  a<'ross  the  divide 
J  the  drainag(»  of  the  South  Platte  i\i\'er.  tuking  water  away  from 

State  of  Wvomiri''-  and  iisinu*  it  in  the  drainatr^'  basin  of  the  South 
tte.'"     No  measurements  ar<'  nitide  in  Colorado  upon  the*  tiMi>utaries 

tAto  EnKJnocrs'   IN'port-.  ^'ruiil,  ]..  jt'.;  I'oiirili,  pp.  :'.'>  nii'l    It'.,  liiili,  p.  <..;,  nml  ^ixili.  p.  TiT.     For 

iN  coiUTriiiiiK  tlu' «lilT(nMii  <l.-iii<  t<-.  ^.  .•  [\\i-  I>i.i:iii;il  H^•p<lrt'^  of  stat«'  Kiii,'iiM-«r^;  u1m»  Kr|M>rt  (Ui 

tMilturo  l)y  Irripitioii.  Kit  vciiili  <(n^M-.  l.y  V.  II.  N\'\v<ll.  ]*.  '.»!  rt  s«-q. 

ce  list  ol  nilsoollnnc'otix  iiMa^-un'mciit.^,  pmlt  <.'.». 

L'f  Haydon's  Rcjx)rts:  nhn  X/rjcfrcndi  Ainninl  Ri'^x^rt  V.  s.  (\or»V»\»"\v"A\  Swtnvn  ,  Y\\.^V\N  ,v/JKKy, 

iticth  Annual  Rojutrt,   I'.irt   IV,  ]>:i'.r,:  WMrr  <\^\^\^\\■  un«\  \tt\\:u\\*a\  Vav^t  'S.v>.  ^iA^-*^'--     ^^"^ 

't  on  Afj^rirultiirv  hy  Irrii::ttii,ii.  KMV.nth  c.-tiMiv,  »>%•  F.  \\.  S*-\\*-\\,  V- *.>"  ,v:V^'. 
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ot'  till'  N<»rtli  IMiittr.  hut  :i  station  has  Imm'ii  maintained  for  somo  veais 
U]H)n  tlic  L*iranii<>  at  Woods,  in  Wyoniincr,  a  fi'w  niilos  north  of  tlie 
State  line.  :iihI  tin*  i'(>siilt>  <»f  thrsc  inrasnivnu>nts  anr  j^r'^'^"  ">  ^ 
taMi'  for  tlir  Larainir  :it  that  point  (]mp'  <'in). 

Till'  South  l*Iatt<*  li'wrr  itsrlf  risi»s  in  South  Park  and  flows  in  i 
<5«'n»'rtillv  n«»rthra*iti'rlv  «lirr<'tion  to  tin*  nortlnMist  conuM*  of  tho  State. 
whi<'h  it  h'avi*s  at  a  pnint  a  >h<»rt  ili'^taniv  Im'Iow  •1iii<*s]»iir<jf.  The 
<lniina«r<'  ha'-iii  ha-^  Imm-m  so  fully  «l<'s<TilMMl  in  jHwious  roports  aiid 
irrit^^ation  |)ajM'i>  that  «»nly  a  hrirf  (Irsrription  is  nccM^ssary,  the  nader 
Ix'iii^  n'l'rrnMJ  t<>  tlni-^raln^ady  print*'(l."  In  ijfenrral,  the  western  side 
of  the  (liviNJnn  i<  \ri'\  nmuntainnus.  the  main  stream  itself  and  all  tbe 
trihutaries  of  that  ^'ction  i>suiM«;  from  hi^h  mountains  throuj^li  de«^p 
canyons,  many  of  theni.  however,  drainintr  ]mrks  at  the  headwaters, 
when*  >toek  i'aisin«r  antl  M»me  eultivation  of  hav  is  <*arried  on.  From 
the  ea>tei*n  >lnj)i'  <if  the  fo(»thills  t<»  the  eastern  iNUindary  «>f  the  State 
theetHintry  i>  «»f  ihe  ]>l:tin^  eharaeter.  and  tin'  streams  draining  thu: 
section  :ire  tnrrejitial  in  their  nature.  'I'he  nrirmal  flow  throughout 
this  entire  di\  isi(»n  is  claimed  :tnd  ummI  for  irri<ration.  hut  in  the  high 
sta«res  «)f  tile  streams  and  in  tln' winti'r  si'as«»n  a  )if real  deal  of  wut^r 
(roes  to  \\a>te  whicii  mi«rhl  l»e  stored  in  suilahle  reservoirs. 

The  \vati»r  <lisirict>  nnw  included  in  tfiis  division  an»  Nos.  i^3,''  8/ :i,'' 
I,'  and  ♦U.'  on  tiie  South  IMatte  Kiver:  No.  iL'' comi)risin<r  the  terri- 
tory   ilraim-cl    h\     Uear  Creek;    No.    7.''   hv  Clear  ('re(»k;   No.  <».*   hv 

•  •  •  • 

Houlder  ( 'it'i'k;  No.  ;»/  l»y  St.  \'rain  Creek:  No.  4.'  hy  Hi<r  Thompson 
Crerk:  No.  :;.-  hy  C:u1m'  l.i  l*ou<lre  Kivi^r:  No>.  4«l.  47,  and  4-S.-^  hv 
ti"il)Ulai*ie>  (»f  North  Thitt*'  lii\«'r:  and  No.  ♦»'►  i)V  ti'ihutaries  of 
Kair^as  ITivei'.  the  latter  district  iMiriLT  niore  properly  outsi(h' of  tho 
South  IMattf  Ki\tM-  di\  i>ioii.  altliou'jh  le«j-allv  a  part  of  it. 


srillA.M     MKAsl  KKMKNTS. 


TIh'  foliou  irej-  -latioii^;  lia\e  Imtii  maintained  for  a  i^reater  or  les.s 
time  ill  or  ne:n'  the  South  Thtte  di\i<ioii:  ( 'het'sman  Lake,  Platte  Can- 
\on,  I>enver.  and  ()rrh;ird  <»n  South  IMatte  Kiver:  Morri.son,  on   Iit»ar 


">ic   I'.  ,~.  « ii  <i;..'.-li-.ii   ;:••■!   ;ii'',i  :■'■    -1. ;■»•'.     I-::..    M;i\<liii.  I>7"»  iiij«l   IsTti.     Aniuial  Kt'lKirt* 

r.  s.  «..'.,!., l::<:iI  .-m:  \.'. .  1 .1,;-!.  1  :.•■  li  ]■  ■ '.■  'I  !• .  • '  .■■  n  1 1 ..  1 '..  ii  MI.  I',  vj;  v.i\t,.,.ntli,  I'lirt  11.  p.  r»12: 
Ki-lii.i'iitli,  I'.irt  IV,  I-.  l.v.«;  \i!Mi.- !!!:..  I'.i!-  ;V.  ;.  :il;  '1  ;\ .  jiii.  ili.  I'art  IV.  p. 'JTr;  T\vi-nty-f:rst. 
I'.iit  IV.  ]». -JiNi.  \  ...  i;i;;i.  t::i^  N...  :  !.  p.  :;■•,  ..m-I  \..  :  !•■.  p.  H'.'  \V.iur>upiily  :in«l  IrrijL^atioii  iliik-r 
N".  :'.7.  p.  "J.'r.  N<i.   i''.  p.  "JTv.  ;ili<l '.l\-!i'!i  !".i-:::i.:!!  K"p"ii  -'.('■.•  IjiiiiiH-i-r  of « VilnnnU),  p.  210. 

''  Kitr'i  l;i.-tmi:,i  l;.-j...ii.  I'.irl  II.  I'i    1. 

•M'lil..  !'l.  VII;  ;i"-' .-Vt-m!,  IS'iliriii  I   i:>  p'>!' 

''ir.i'l  .  IM.  IM:  ill-..-.  \.-i;ili. 

'  n.iil.,  ]M.  II-.  ;i!-..-.\.iiih. 

./  Il.i.I..  ri.  VIIl:  iil-M.-,  -..r.!!!. 

fMl>i«l.,  ri.  VI:  jil-..>.  ',  .liih. 

/'n.i.l.,  ri.  V:  .il>...-.  ■•onili. 

'Il.i.I.,  !•:.  IV. 

,/Ni.^.  Ii'i.  17.  IS,  jiiMJ  r»."i  lia\i'  II'. t  l.iiu  iiiiippiMl. 
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Creek;  Forkscreek,  on  Clear  Creek;  Manshall,  on  South  Boulder  Creek; 
Boulder,  on  Boulder  Creek;  Lyons,  on  St.  Vraiii  Creek;  Arkinn,  on 
Big  Thompson  Creek;  Fort  Collins,  on  Cache  la  Poudre;  and  Woods 
in  Wyoming,  on  Laramie  River. 

The  waters  of  this  division  are  used  in  all  the  different  ways  pre- 
viously mentioned.  In  South  Park  and  in  the  foothills  along  the  i^st 
front  of  the  Rocky  Mountains  water  is  being  extensively  stored  for 
domestic  use.  In  the  mountains  and  in  places  whore  the  full  is  great 
the  water  is  used  for  the  development  of  jK)wer  and  also  for  placer 
mining.  After  leavitig  the  mountains  it  is  used  for  irrigtition,  and 
already  it  is  being  stored  extensively  for  use  late  in  the  irrigation 
season,  this  Ijeing  especially  true  of  the  territory  along  the  Big 
Thompson  and  Cache  la  Poudre.  Cheesman  I^ke  and  sonic  of  the 
other  reservoirs  of  the  upper  portion  of  the  Platte  have  alrejidy  been 
descril>ed,"  as  have  also  a  number  of  those  of  northern  Colorado.* 
There  are  undoubtedly  enough  reservoir  sit<»s  along  the  South  Platte 
and  its  tributaries  to  store  all  the  water  that  now  goes  to  waste.  A 
number  of  these  on  the  plains  through  which  the  river  flows  between 
Greeley  and  elulesburg  are  now  under  consideration. 

SOUTH   PLATTE   R1VEK   AT  CIIEERMAN    LAKE. 

This  rotation  has  been  maintained  bv  the  Denver  Union  Wat(M'  (^om- 
|mny  for  the  purpose  of  determining  the  discharge  of  tlie  South  Piatt** 
at  that  point  with  reference  to  the  construction  of  a  Isirge  n^servoir 
for  the  purpose  of  providing  a  sufficient  domestic  water  supply  for  the 
city  of  Denver  and  of  chneloping  powi»r  to  be  tninsmitted  from  th«» 
lake  to  various  points  below.  The  dam  is  to  be  of  solid  masonry,  217 
feet  in  height,  and  is  aln^ady  well  under  way  (see  Pi.  11).  The  lake 
when  full  will  ])e  about  7  miles  in  length,  and  the  capacity  will  l)e 
probably  not  less  than  4,()0(),o()0,(M)o  cubic  feet.  The  same  company 
has  other  large  reservoirs  at  points  lower  down.  })ut  none  of  etjual 
magnitude  with  this.'' 

The  records  are  jjiven  for  onlv  two  vears.  Those  for  18JM.)  are 
approximate,  but  those  for  11M)0  have  ])een  carefully  c()m])ih»d  and  are 
verv  reliable.  Thev  are  furnished  through  the  courtesv  of  Mr.  C\  L. 
Harrison,  chief  engin(»er  of  the  Denvi^r  Union  Water  Company.'' 

••noUHC  Dim;.  No.  141,  Fifty -fifth  ('<>ngn."is,  soi-oml  M.«ssi(iii.  II.  M.  rhitt«'n«loiry  IU'iM)rt;  Wiilcr-Sup- 
ply  and  Irrigation  I*ttiK'rN«».  r,7.  \k  221;  Tw nil y- First  Annual  HeiK)rt  V.  S.  (Jeol.  Survi-y,  Tart  JV.  tl^. 
192:  Tenth  Biennial  Rt'i>ort  of  Stale  KnKi>»»'or,  i».  217. 

/♦Wator-Supply  and  Irrigation  I'aiiK-r  No.  <.»,  ainl  Chittcnilon'.s  Kf]iort  alK>vo  men ti< mini. 

'•See  Chittenden'H  Report  alx>ve  nientione<l.  tliis  riwrv«)ir  b«'imf  thenM*allo«i  tlie  ".'^outlj  I'latte 
site." 

dYi\r  mon?  dotailiKi  information  e<»n<;erninjf  this  station  M'e  Tenth  Hiennial  KeiM)ri  of  itie  State 
Engineer  of  Colorado,  p.  21H;  Water-Supply  and  Irrigation  Paper  No.  M,  pp.  222-22;i;  No.  ;n»,  p.  147, 
aiidNo^49,  p.  280. 
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SOUTH  PLATTK  RIVBR  AT  PLATTB  CANYON. 

Records  have  been  kept  for  a  number  of  years  of  the  discharge  of 
South  Platte  River  at  a  point  a  short  distance  above  where  it  de- 
bouches from  the  mountainous  ai'ea  into  the  plains.  The  station  was 
located  first  at  Deansbur\\  but  was  later  removed  to  a  point  about  3 
milej»  downstream,  near  the  pumping  station  of  the  Denver  Union 
Water  Company.  The  recoixis  for  l>oth  stations  are  given  in  one 
table,  as  they  are  practically  the  same,  no  water  l>eing  used  along  this 
section  except  what  is  taken  out  by  the  Denver  Union  Water  Company 
at  its  head  gate,  which  amount  would  be  approximately  compensated 
by  the  inflow  during  the  same  distance.  The  station  is  of  importance, 
as  it  gives  the  discharge  of  the  river  just  al)ove  the  point  where  it 
begins  to  be  used  on  a  large  scale  for  irrigation,  and  is,  therefore,  of 
great  value  in  determining  the  amount  available  for  storage  and  the 
percentage  of  run-off  from  the  territory  al)ovc.  The  situation  is 
complicated,  however,  as  has  been  previously  suggested,  by  the  fact 
that  some  irrigation  is  practiced  in  South  Park,  for  which  reason  an 
estimate  of  the  percentage  of  runoff  based  upon  this  record  would 
necessarily  be  too  small.  The  irrigation  ditches  of  South  Park, 
although  small  in  size,  are  many  in  number,  and  the  aggregate  of 
water  thus  used  is  considerable.  At  a  point  about  a  mile  below  the 
gaging  station  the  fii*st  large  c^nal,  the  Northern  Colorado  Irrigation 
Company's  canal,"  is  taken  out  by  means  of  a  diverting  dam  con- 
structed across  the  river  and  a  tunnel  cut  through  a  spur  of  the  canyon 
wall.  The  physical  conditions  at  the  station  are  not  favorable  to 
extremely  accurate  measurements,  for  the  channel  is  filled  with  l)owl- 
ders  and  the  current  is  very  rapid.  The  stream  bed  is  not,  however, 
subject  to  great  change,  and  for  this  reason  the  station  has  been  main- 
tained. Gagings  must  necessarily  be  made  from  a  >)ridge  or  cable, 
owning  to  the  depth  and  velocity  of  the  water.  The  banks  are  so 
high  that  there  is  little  danger  of  overflow.* 

nSe€»  Twenty-flret  Annual  Report  V.  S.  (loological  Survey.  Part  IV,  p.  200:  also.  Report  on  Af^^cul- 
ture  by  IrngatioM,  Eleventh  Censn??,  by  F.  H.  Newell,  pp.  101  and  109. 

(» Biennial  Reports  of  the  State  En^ineors  of  ('olomrbi:  Fourth,  Part  I,  p.  63,  and  Part  11.  PI.  XVII; 
Filth.  Part  1,  pp.  19  and  21,  and  Part  II.  PI.  XI;  Sixth,  pp.  19and  20;  Eighth,  pp.  412  to 419:  Ninth, 
pp  328  and  329;  Tenth,  pp.  252  to  255.  Aiimml  Kei>ortM  V.  S.  (;tM»l(>gical  Survey:  Eightt'onth.  Part  ly, 
p.  l.">9:  Nineteenth,  Part  IV,  p.  311:  Twentieth.  Part  IV,  p.  2.S»:  Twenty-lirHt,  Part  IV,  p.  201.  Also, 
Bulletin  L*.  8.  Geological  Survey  No.  IK).  ]».  liKi.  imd  Water-supply  and  Irrigation  Papers.  No.  11,  p.  52: 
No  15,  p.  87;  No.  87,  p.  224.  No.  :J9,  p.  448,  and  No.  49.  p.  2>so.  Also,  Report  on  Agriculture  by  Irriga- 
tion, Eleyenth  Ccxunia,  by  F.  U.  NcwcII,  pp.  101,  109, 114,  and  125. 
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Apr.     3 

....dn 

:(.or, 

r>44 

Do. 

Apr.     0 

....d.. 

xrv.} 

K» 

IM. 

May    25 

.....Ill 

4.1.-) 

l.tKNi 

D... 

Jiim-   10 

.....1.1 

:i.N.-> 

IH'i 

IM. 

July      1 

,...,lc. 

:t.i'' 

G7H 

K.1. 

180H. 

Apr.    14 

J.E.Fuld.... 

l.NII 

ri.->9 

D... 

May      8 

A.  1..  F.-1I..HM    . 

\.:*\ 

W(> 

Ih). 

June   10 

....do 

i».))i) 

1.127 

II... 

July    28 

....dii 

l.MO 

im 

Ih.. 

Ort.      4 

till 

H> 

m 

IK.. 

1900. 

Mar.     5 

A.L.Fi-llo«M  . 

-   .40 
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Ho. 

Apr.    18 

....do 

1    \.m 

1 

4«7 

Do. 

■  s 
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•  SOUm  PLATTB  RrVSR  AT  DBKVBR. 

Attempts  havo'  been  made  at  different  times  to  establish  and  main- 
tain stations  at  a  number  of  points  in  the  vicinity  of  Denver,  but  the 
only  one  that  has  proved  of  sufficient  value  to  be  kept  up  is  the  one 
located  at  the  Fifteenth  street  bridge,  about  1  mile  below  the  post- 
office.  The  location  is  favorable  in  some  resi)ects,  as  it  is  just  below 
the  mouth  of  Cherry  Creek,  upon  which  the  Castlewood  dam  (see  PI. 
Ill)  is  situated,  the  junction  of  Cherry  Creek  and  the  South  Platte 
marking  the  end  of  district  No.  8  and  the  Ijeginning  of  district  No.  2. 
It  is,  moreover,  as  favorable  a  location  with  reference  to  channel  and 
banks  as  can  bo  found  anywhere  below  the  point  at  which  the  river 
strikes  the  sandy  plains,  where  it  1>ecomes  broad  and  shallow^  with  a 
changeable  and  shifting  yx)ttom.  Owing,  however,  to  its  l^eing  located 
so  near  the  mouth  of  Cherry  Ci*eek,  considerable  difficulty  is  expe- 
rienced through  a  deposition  of  bai*s  of  sand  and  gravel,  sometimes 
along  tlie  left  bank  of  the  river  and  again  along  the  right  bank,  so 
that  occasional  changes  in  gage  rods  and  frequent  changes  in  rating 
tables  are  necessary.  Measurements  at  this  point  are  necessarily 
made  as  often  as  possible. 

The  station  is  principally  valuable  as  giving  information  concerning 
the  discharge  at  the  head  of  irrigation  district  No.  2,  so  that  the 
division  of  water  among  consumers  may  be  regulated  })y  the  water 
conmiissioner  with  greater  facility.  Measurements  are  made  from 
the  bridge,  except  at  low  water,  when  they  may  be  made  by  wading.^ 

iFor  more  detailefl  information  ooneorniuj?  this  Ktation  ^*ee  Biennial  Reports  of  State  EngincerK 
of  Colorado:  Fifth,  Part  I,  p.  2ii.  Part  II,  pi.  12;  Sixth,  p.  19:  Eighth,  p.  420;  Nintli,  p.  330;  Tenth, 
p,256.  Annual  Reiwrtu  U.  fc?.  Geological  Survey:  Eightwnth,  Part  IV,  p.  Ifi2;  Nineteenth,  Part  IV, 
p.  313:  Twentieth,  Part  IV,  p.  279;  Twenty-first,  Part  IV,  p.  201.  Bulletin  U.  S.  Ge<»logical  Survey 
No.  140,  J).  104.  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  r>3;  No.  15,  p.  hH\  No.  27,  pp.  81,  Sfi,  «9; 
No.  37,  p.  225;  No.  39,  p.  448;  and  No.  40,  p.  2S1.  ALso  Ke[>ort  on  Agriculture  by  Irrigation,  Eleventh 
Ceiisus,  by  F.  U.  NewcU,  pp.  101, 109, 11-1. 
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imwn  cmd  mtmmiiin  diacharge  and  total  run-^ff  of  Smdh  PUUie  River  at  Datrcrfar 

that  portion  of  each  year  c^tvered  (hj  records. 


Year. 


DitM'haiKe. 

Run 

■«)(f. 

Uinimum. 

Maximum. 

8econ<l- 

Date. 

Amount. 
Sec.-Jt, 

• 

Amount. 

Depth  ill 
im'hi^ft. 

■  *- 

fi*ct  per 

I>aU 

iHioaru 
mile. 

Srr..Jl, 

Dec.     23 

108 

All  jr. 

2 

l,iM5 

1.19 

O.U 

Ot^t     11 

27 

July 

25 

768 

.62 

.a5 

Feb.    13 

m 

Aug. 

2,458 

1.426 

.106 

Dec.    23 

50 

Mav 

28 

2,:«)8 

1.58 

.12* 

Jan.    22 

42 

Aug. 

5 

1,422 

1.257 

«.093 

Oct.      7 

1 

51 

Apr. 

2\) 

5,510 

2.  n 

.22 

lt««. 

i95. 

7 

2Z 

.     7 

.    22 

9 
.    29 


m. 


8 
2J) 

1 
25 

5 
26 
11 
'^0 

9 


*7. 


15 
15 

1 
25 

4 
15 
13 

5 
20 

6 


lyufrhanjf.  meaturemenUi  rnatfr  im  StfiUh  Platte.  Rirvr  at  Iknt'er, 

llydnigniphcr. 


P.  J.  Preston 
F.  CogBwell . 
P.  J.  Pre«t<jn 

do 

do 

do 


P.  J.  Pre^t^m  . 

do 

do 

do 

do 

do 

R.  A.  Sunnier 

F.  Ct^well . . 

P.J.  Prenton . 

do .. . 


11  L 


P.J.  Prt'Hton 
F.  Cogswell . 

do 

....do 

....do 

....do 

....do 

....do 

do 

....do 

...do 


JAKe  DiM- 

;iKnt.        charge. 


(Ja*w 
!    lidK 


»W. 


5.40 
4.60 
3.90  , 
4.30  i 
3.90  • 

3.  m  ' 

4.  50  I 
4.*H)  ! 
4.  33  j 
(•>.  10 
4.  35 
4.  SO 
5. 10  1 
4.70 

4.  75 

4.70 
.>.  .>.) 

5.  70 
5.  85 
(i.  45 
<i.  75 
5.60 
7.  45 


168 
1,490 
876 
447 
430 
:I03 

183 
235 
:i04 
107 
1,316 
125 

83 
163 

93 
100 


98 

385 

595 

778 

1,311 

1,406 

.  687 

1,849 


ftksa> 
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hiM'Imnjf  mntmn't  mvntu  ma*h'  nn  Stuth  PUdte  liiwr  tit  liftiVir — (.V>DtUllMiL 

I 
l»mr.  }|y(lri»uni|ih<r.  lieUrht. 


1S9S.  Pr,i. 

Apr.  IM      A.L.  FVll.»\i> 5,90 

July  {\    .lo 6. 10 

St»|>t.  J    «!«> »*». oO 

(Vt.  s    «).! 5.00 

( )rt.  ?t»      r.  (  o^THWi'Il «•  32 

Apr.  1L»      A.  L.  Ki-Ilox^s H.00 

Mav  11    il *J.0:5 

June  12    .1- 'i.SO 

.Inlv  27    «ln 5.32 

\\\)f.  \      .In rt.  HS 

S'pt.  <)     iln 5.t»0 

Oct.  :>   tl.» 5.10 

IIMHK 

Mar.  <i      A.  I..  Kvllnws 5. 50  ; 

Ajvr.  12    .In 5.*I0 

Apr.  U>    .in ■  7. 24 

Apr.  2f)    .In , ,.  7.  lOj 

Apr.  2:J  ' .!.» ..  «.:{2  : 

Juno  11    .In s.  50 

July  2')    . ' I. • ."S.  45 

A uir.  7    tin .'>.  r>l) 

Aiiir.  2H    .1. 4. SHI 

Oct.  20      K.W.I  l:i\\l.y Ts.hO 

Oct.  22    .1.. 5. ;«) 


m 


I 


I  ><)l   lir     I'l.ATIi:    KIVKW     \r    niJCHAKD. 

This  station  \vji>  «'sl:il)lisli(Ml  N()\(Miii)i'r  'i'^.  ISl^r*,  iov  tho  purjx 
furnishing-  datji  rt^lativc^  to  th(»  flow  of  South  Platti*  River  in  thev 
months  and  (hirinjjf  Hood  staj^^cs,  hut  later  was  niaintain(»d  tlirouj 
thr  cntin'  year  f(>r  th(^  })ur})osc  of  (h't(M-!ninin<r  tlic  total  discli 
It  is  situatrd  .sonic  distance  htdow  all  the  mountain  dniinjitro  c 
.stream  and  ludow  the  territory  in  which  ther*'  is  tlu^  irrejitest  r 
from  seepage.  For  three  years  tin*  rod  was  located  in  a  hend  a 
river  a])out  o!ic-fourth  of  a  mile  southwest  of  the  railroad  .stati 
(Orchard,  hut  later  a  new  rod  was  j)laccd  at  the  wagon  ])ridge  soi 
the  town,  and  since  that  time  readings  have  been  taken  at  the 
point,  for  the  reason  that  it  was  nce(\s.sary  to  mak«*  the  gagings 
th(»  w^agon  liridge  at  times  of  high  water.  'J'lie  channel  throuj 
this  (Mitirc  region  is  broad  and  shallow,  the  bottom  heing  sand 
i»ljiftiij^'^,  I'oiKlenng  frequent  clia\\^j!;v.*^  u\  X.V\vi  y\vUv\^  l\\.hU»s  necoi 
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The  investigations  at  this  point  have  demonstrated  that  great  amounts 
of  water  go  to  waste,  and  private  capital  has  been  enlisted  for  the 
construction  of  the  reservoirs  of  the  South  Platte  Land,  Reservoir 
and  Irrigation  Company  in  the  vicinity  of  Orchard.  The  reservoirs 
of  this  company  consist  of  natural  basins  located  in  the  plains  on  each 
side  of  the  river,  all  water  being  diverted  from  the  river  to  the  reser- 
voir sites  by  means  of  large  canals/' 

a  For  moru  detailed  infonnation  concern iiiK  thiK  Htation  see  Biennial  Reportu  of  State  Kngineen  of 
ColorHdo:  EiKhth.  p.  426;  Ninth,  i>.  2SH:  Tenth,  p.  261.  Alao  publications  U.  S.  Ueolt)gic4i1  Survey: 
Eighteenth  Annual  Report,  Fart  IV.  p.  IfiC;  Nineteenth,  Part  IV,  p.  31.>;  Twentieth,  I»art  IV,  p.  298; 
Twenty-flrHt,  Part  IV,  p.  208;  Bulletin  No.  liO,  p.  112;  Water-Supply  and  Irritnition  Pai>er«  No.  11,  p. 
fiS;  No.  15,  p.  89;  No.  27.  pp.  M,  86,  an<l  89;  No.  37,  p.  226;  No.  39,  p.  448.  and  No.  49,  p.  282.  AImo  Report 
on  Agriculture  by  Irrigation,  Eleventii  (Viimuh,  pp.  122  and  132. 
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•unum  diicharge  ond  average  rwt-offiff  Sonlk  PbtOe  Riprr  at  Orchard 
far  that  poriion  of  «uA  year  covered  by  T€eorHt. 


I  Nov.    22  818  ,  Dei-.       1  l.ffid  j 

Dec.    27  213     Jnn. 
.  July     8  39  '  June  14 

.[  Apr.    28  10  !  May 

.1  June   12  10  \  Feb.    27 

.   Aug.    IB 

Diiebarge  mtamremeal*  made  im  South  Plaile  Kiivr  at  Orcliai 


113     May      2 


IMHI 
ft,  KM 

3,1l(Ul 


I  H.  A.  Sumner  .. 
P.J.I'rrstcn... 


I'.  J.  Prvatou  ., 
L.  IE.  Hope  ... 
B.  S.  Sum  nor. . 


M.D.WiIUiin,y.. 


2.05  1 
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i».i 


DMutrge  tneaaurtutenis  made  on  South  PUUIe  Rimr^  dt 


D«te. 

Hydragimpher. 

iSSSSk 

» 

1900. 

MlM*        7 

A.  L.  Fellows .•.••••.•••• 

2.85 
ft.  00 
LS5 

9^ 

\ 

Apr.    21 
July    23 
Oct     27 

.....do 

i 

do 

^ 

R.W.Hawley --- 

2.7oI 

1_ 

BOUni   PLATTE  RIVSB  AT  JULBBDBa. 

Although  no  station  has  been  regularly  nmintained  at  this  pni 
number  of  lucasurementH,  which  are  given  in  the  table  bdoWy  I 
been  made  hero  at  different  times.  The  location  la  important  1 
the  fact  that  it  is  near  the  line  between  Colorado  and  Nefotad^ 
that  discharge  measurements  at  this  point  indicate  the  flow  fron 
one  State  into  the  other.  The  channel  is  broad  and  shallow,  the  bo 
being  sandy  and  shifting.  A  gage  rod  was  fuatened  to  the  n 
bridge  1  mile  southeast  of  Julesbui-g  in  the  spring  of  1900,  bi 
records  were  kept.  Measurements  may  be  made  either  fron 
wagon  bridge  or  at  low  water  by  wading.  The  majority  of  the  gaj 
at  this  point  were  made  )>y  cmploycos  of  the  State  engineer's 
in  connection  with  the  uunuul  socpuge  measuremente  of  the  i 
Platti?  River." 

I>inrharijr  nirnsurtinciity  uunh'  nn  Smith  Phttle  RiiiT^nt  Julesbarg. 


lialr. 


Xovi'iiilwr  5,  lSi)l.. 
NoveiiilKT  4,  1S!U.. 
NoveinlH'r  14,  isiK"), 
SopteiiilKT4,  IWW). 
Noveinl)er  12,  \m.). 

March  8,  IIKX) 

Novcin]H»r2,  imK)., 


Gairc 


f\nL 


2.10 


c\ 


HKAii  (  ki:i:k  at  moijkiso.n. 


Bear  Creek  is  the  lirst  iinportjuit  tribiitarv  reeeived  by  South  I 
River  after  it  leaves  the  mountains.  Int'onnation  concerning  th( 
charge  of  this  stream  is  important,  as  it  siipj )ru»s  a  large  proportw 
the  water  furnished  to  Denver  by  tlie  l)«Miv(*r  Tnion  Water  Comp 

nSce  alHO  Tenth  Biennial  Rt'imrt  of  t\K'  S\i\U'  u(  v'n\v»rvuV»,  v  •^»-'».    *VLm>  Report  on  Agricult 
LrrigatioD,  Elcvvuih  Census,  by  F.  H.  NuweU,  v.  Vil. 
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enrage  reservoirs  having  been  provided  for  this  purpose  in  Marston 
i^  Harriman  lakes.  Nearly  the  entire  flow  of  this  stream  is  used  for 
«  water  supply  of  Denver  and  for  irrigation,  there  being  a  scarcity 
■  water  along  the  stream  except  for  the  earliest  priorities  during  a 
^ge  portion  of  almost  every  irrigation  seuson.  Like  all  mountain 
leams,  it  is  subjecrt  to  sudden  and  violc»nt  rises  from  sharp  and  severe 
crms  at  its  headwaters," 

The  station  was  located  for  some  years  alKMit  the  (»entor  of  the  town 
^Morrison,  but  in  the  spring  of  J8iHl  it  was  moved  to  a  jwint  just 
K)vc  Morrison,  at  the  headgjite  of  the  Denver  Union  Water  Com- 
my's  pipe  line.  The  conditions  have  generally  b(»en  rather  luifavor- 
>le  to  correctness  of  measurements,  as  the  channel  is  somewhat 
langeable,  being  made  up  of  loose  l>owldei's,  and  at  the  dam  whore 
e  water  is  diverted  into  the  pipe  line  gravel  l>ars  have  formed,  chang- 
g  the  natural  conditions.  Measurements  have*  been  made  by  wading, 
icepting  at  the  highest  stages  of  the  water,  wlu»n  they  hav(»  Jieen 
adc  from  the  wagon  ])ridge  just  above  the  town  of  Morrison.* 

•  For  full  dcitcription  «'e  Hayden's  Report  of  ixTf).  p.  4;«. 

•For  further  detallfloonroming  this  Ktation  km' BieiiniHl  IU'iK)rtH  of  State  Engineers  of  Colorado: 
nrth.  Part  I,  p.  ft4,  and  Part  II,  PI.  XX:  Fifth.  I»art  I.  p.  :k>.  and  Part  II.  PI.  XIV;  Sixth, pp.  20 
d  SI;  Eightli,  p.  454;  Ninth,  p.  33fi:  Tenth,  pp.  '2Zi  and  l.*f^'..  Piil)lIeation«  I'.  S.  (ie*>logieal  Survey: 
fhteenth  Annual  Repi>rt.  l»art  IV,  p.  1C7:  NIuete<nth.  Piirt  IV,  p.  ;n7;  Twentieth,  Part  IV.  i».  -JM', 
'enty-firrt,  Part  IV,  p.  2<M:  Bulletin  No.  140.  p.  l«i;  Water-Supply  and  Irrifcation  Papon*,  No.  11.  p. 
No.  15,  p.  90;  No.  27,  pp;  HI  and  Hi;  No.  »7,  p.  227;  No.  .•«).  p.44H.  and  No.  40,  \).  2»1.  Who  Reporton 
riculture  by  Irrigation,  Kloventh  Census,  by  F.  II.  Newell,  p.  114. 
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Maximum  and  mtmnnfm  dMuxr^  and  average  runroff  of  Bear  Creek  ai  Morruion  for  that 

porHon  of  each  year  covered  by  recorda. 


Vear. 


DlflctuuKe. 


Kuii-off. 


Minimum. 


Date. 


1888 •  Sept  — 

1889 !  May  3 

1890 Nov.  15 

1891 Sopt  22 

1895 :^Iay  20 

1896 July  14 

1897 Nov.  24 

1898 Nov.  23 

1899 '  Oct  21 

1900 '  Nov.  23 

I 
1 


Amount. 


Maximum. 


T)at«. 


Str.-Jt 


30 

June 

— 

18 

May 

20 

15 

.July 

23 

12 

May 

27 

41 

June 

13 

9 

Apr. 

2 

5 

Aug. 

3 

20 

July 

13 

17 

Aug. 

4 

10 

Apr. 

29 

Amount 

Srr.-Jl. 

100 
195 

75 
622 
274 
86 
385 
2,083 
325 
691 


Depth  in 
incheH. 


0.41 
.48 
.20 
.73 
.70 
.29 
.67 
.54 
.49 

1.15 


Second- 
feet  per 
Bquare 
mile. 


0.37 
.43 
.18 
.  66 
.63 
.26 
.60 
.48 
.44 

1.03 


Diacharge  measurejneiita  made  on  Bear  Creek  at  MorrUon. 


Date. 


UydrcHprapher. 


Uace 
height 


1895. 
May    18 
June  12 
July    24 
i  )ct.       7 

1896. 
June  17 
Aug.     4 
8ept.   19 
Oct.     31 

1897. 
May  20 
June  13 
June  26 
July  24 
Sept  11 
Oct     12 

1899. 
Apr.  15 
May  9 
June  6 
Aug.  5 
Nov.    14 


1*.  J.  Prenton 

....do 

....do 

do 


P.  J.  Preston  . 

do 

R.  S.  »*^unmc^, 
P.  J.  Preston  . 

li.  L.  IIoj>e.. 
Its.  Sumner. 

do 

do 

F.  CogHwell .. 
do 


DiH- 
oharKe. 


J.  K.  Field  . . . 
A.  L#.  Fellowy 

do 

do 

do 


M. 

Sec.Jt. 

0.90 

47 

2.05 

331 

1.65 

171 

i.a5 

64 

.75 

32 

2.90 

55 

3.a5 

80 

2.55 

16 

3.00 

179 

3.70 

209 

3. 50 

162 

3.  45 

131 

3.  a*) 

55 

3.00 

52 

3.80 

64 

4.  25 

m> 

4.  25 

107 

4.98 

192 

1.:^ 

13 

WATKK   KKH01iR<*KH   <*   COLORADO. 


Miir.      \>     A.I..  K.lluv 
A|.r-    '*■ 'i 


Cli'Jir(.'n-«'k  is  one  of  tin-  lui 
isstiiii;.'  from  ttit-  iiiotiiitiiiii^, 
alKmt  tl  miles  Im-1<iw  Di-iivt'r. 
it  flows  for  ji  Itiii^f  tlistiiiK'i' 
I'l.  IV.  .Oandtlioii  .liMhai{i:f> 
for  irri^itioii.  The  ivstii  1)1 1^)11 
is  iilxnit  l:i  miles  up  tin-  <-niiy<i 
iKit  only  thi'  iimount  of  its  wtit 
iiini  sloni^c.  Imt  till!  iinioiLiit  tli 
piwcr.  'riif  wiittT  of  Cli'ur  Cr 
iiiiniMtjan.lfortti.Ml.'V.-lopm.-ii 
tlie  naiiM-  -'VWiiy  rr.-.-k"  lias 
stmiMi  Ix'iii^^am-llun^'l.iil  .-tra 
plains  III.' yT.'at.-rpai-|  of  Ih.-  « 
<t>iii|iaralivi<h'  Jirili-  sitrpliM  <-vi 

M.-asniviniMils  wnv  also  ma 
iK'lowlh.-Mioiitli.if  tln-runyo 

|S!IS  l)V  l)lr  WHtiT  I'Onilllissic 
TIl.-.liM-lmi-fr''sof  (lir-oyraisi 
tin-  taliji'.  hnt  tli.-y  art-  {rixcii  1 
Itrsults  olitainr<l  at  this  s|;it 
clllUlII.I  lonsists  of  l«>wlilrrs 
h'ljlU  and  roikv.  Tln'ic  is.  uh 
Ihv  rrviT.  Ilir  ))n<J<,'<s  hciufr  111 
iiri'ini'nts  liavi-  Ih-i-ii  taki'a  ii(  |i 


-^I'si  (rilmtiiriuH  of  Soatb 

and  fiiiptyin^  into  tbn  miril 

Like  the  other  ftivami^  of  t!iia 

ttii-ou^li  a  iiioiiiitainoiiH  t^rritorf  f/ief 

t  into  tlie  pliiins,  whGi-<<  iu  wuter  uued 

input  of  a  station  at  Fork-sorcck,  wludh 

n,  was  for  tlic  purpos,'  of  lii'tcmuDing 

I'l'  tliat  may  iH'iivnilabIc  for  irrigitioD 

lat  may  lii>  used  for  the  development  of 

■■k  is  tisdl  to  such  uii  extent  for  plii«r 

of  (Htwcr  for  iisi>  in  stamp  mills  that 

lontr  sitnf  iH'fouii'  II  misnomer,  tlic 

Aflrr  llif  stivam  cmptios  into  the 

vatir  is  Used  for  inijpition,  there  bdng 

en  diii'ia^r  tli''l!o(Mist;i}rcs." 

[!■  in  tin-  yciii-s  lss7  nnil  l.s8«  at  a  pfflnt 

I.  ami  I'^iiiiiati's  wciv  nmtie  for  tlie  year 

n.r  of  tlic  Clear  ( 'Tvek  water  diatriet 

uf  loonnrrliiilile  to  In?  ine<>i*p<)rutedilltD 

y  llieni-..lv..s. 

on  aif  not  irilirely  ssitisfactorj',  as  the 
ami  (lie  fall  is  jfieat,  tlio  l>aiikH  being 
iti-o\er,  no  >nitalile  method  of  ciXMsing 
isali.-faetory.  si>  tliat  inostof  the  me«>^ 
)W-water  slav'es.'- 


"F..rliill.l..wTi[.lion..fn<N.ln.iliaK.>l-i.-lll-'-il.n.| 

i,'-Ii.|. 

rl...n 

S7.T.  i^  m;  aim  Rpport  on  AfX 

.■iiUiir.O,«  Irrtmin-ri.  KWv.„ll.  r..iMi.. ).;  V.  II.  N.wi 

fcyiir  (iirtli.T  .l.'i.iil-  iH.ii.TiuiiiB  ilii-  »1iili.iii  «-.■  Hi. 

itiliil  11 

f  suite  HnsiiiiiT  ot  Cotondo' 

h.  |..  ai:  N-imh,  i..  aio:  T«nih. 

W..2L'Jiili.lK(i.    I'lil.linHf r.s.il.-..l.«l.'..l  surv... 

u]ti<il  Uui-Ti.l'i.rt  IV,|i.m 

Wiiti-rSiifl'ly  ""■•1  IrriKiiitim  }\i]-p.  X...  :!7.  f.  :;.'■: 

kI  Nu.  -13,  p.  '2SC    Jtepoit  OB 

Agrk-i.liur,-b>-  lrrijmik.ii,  KU'V.-mli  C.umis,  [..  lU. 

n.     HOME  SUPPLY   DAM   ON   BIG  THOWIPSON  CRtt^k. 


I' 

iff 


■   t- 


ft 
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DiachaTQe  of  Ctenr  iYtek  at  OdfUm, 
[In  cubic  feet  per  wcond.] 


Avengrc  for  month. 


ir. 


May. 

Juno. 

621 
285 

793 
&50 

July. 

516 
420 


Auk. 


Hvpt. 


304 
120 


181 
75 


Oft 


Nov. 


i:k) 

70, 


4  table  wiut  fumiithed  by  W.  N.  Palmer,  water  eommiwioner  for  the  t^'lear  (-reek  (lintrlot 
il!W.    The  winter  cliw^lmiKe  Ih  given  iim  alNMit  Ac)  }4iH'on(l-f<>et. 

Ertlmaifd  inanthlif  tlMmrtje  of  Ocur  (Wek  at  Forkivreek, 
[Altitude,  6,KKi  feet;  draiimgf  area.  'AV*  fu|uare  mileM.] 


Diwharge  in  nei-oi 

id-feet. 

• 

M«»iiii. 

180 
581 
1,081 
791 
440 
214 
141 

Total  in  aen*- 
foet. 

10,  711 
35,  724 
64, 324 
48,  (W7 
27,005 
12,734 
8,670 
4,582 

Kun 

StM'ond- 

feet  pi'r 

Hqiiare 

mile. 

0.62 
1.68 
3. 13 
2.30 
1.28 
0.62 
0.41 
0.22 

-off. 

onth. 

Maxi- 
mum. 

403 

1,202 

1 ,  373 

1,202 

«)92 

349 

155 

155 

Mini- 
mum. 

Depth  in 
inolit^. 

889. 

51 
192 
775 
(>14 
299 
155 
l.'W 

32 

0.58 

1 

1.94 

) 

3.49 

2.66 

1.48 

.69 

.47 

.24 

■ 

212,387 

11.55 

■ 

900. 

)  31 

75 

403 

1 ,  259 

1,259 

719 

2:r> 

75 

5S 

44 

58 

:^J7 
714 
235 

S4 
44 
51 
51 

()0 

17H 

7S9 

9H8 

378 

137 

5S 

58 

52 

2,619 

10,592 

48,514 

57,  tm 

23,  242 

S,  424 

3,451 

3, 566 

3, 0«)4 

0.17 
0. 52 
2.29 
2.80 
1.10 
0.40 
0.17 
0.17 
0.15 

.20 

.58 

2.*U 



3.12 
1.27 

.46 
.19 

.20 

.17 

1 

161,103 

S.83 

1 
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WATKR    RE^rRTES   OF   COLORADO. 


IpqlU 


1h»i'h*tni*  in^twir*  mettt^  innth  *m  ^Ittir  iVfekoi  FortMrreek. 


Mar.  LM 

A|»r.  Ll» 

Mav  1»» 

Jiini'  7 

AUL'.  ll' 

N«»v.  1.^ 


lli<1riii;rM|<li»'r 


J.  K.  Fit-l.i  .. 
.!.» 

A.  I..  Kfll..\*s 

.!..  

.1.. 

.1m 


Mar.  10  .1.. 

A|»r.  1^1  •!•• 

Apr.  LM  .1m 

Aup.  1*7  ill  I 


Uage  Ni- 

h«f|rtit.      chuft. 


1.50 
IMO 
2.75 
3.70 

:«.08 

1.70 


l.HU 
1.70 
2.60 
1.78 


1» 
67 


5S 

73 

29» 

1» 


ST.   VRAIN    I  KEEK  XK.VR   LYONS. 


St.  Vniin  Cn»*'k  aihl  il.^  triUiitarirs  I'eceive  their  .supply  of  water 
from  the  oast«»rn  sIoih*  <»f  that  jxirtion  of  the  Front  Range  lying 
lK*tAvtMMi  Ijoiijrs  Prak  and  James  Peak,  a  distance  of  aliout  3<>  mile;*. 
The  L^t»Tn»nil  trend  of  the  «lniina<rt*  is  iiorthejistwanl,  the  St.  Vrain  flow- 
iniT  at  hist  into  S)uth  l^hitt*'  River  alK)iit  «»  mih^s  Inflow  the  town  of 
Phittevilh'.  Thi»  prin<ii)al  triinitari«'s  of  th«»  St.  Vrain  are  the  North 
and  South  Fork<  and  thr  r>ouM«'r,  th<'  South  H«)uhh»r  l)eing  an  imiior- 
tant  Iniinrh  of  iUr  Iatt*'r.  Th«'  ar«'as  dniiiH*d  hy  the  upjx^r  ]X)rtions 
of  th<'M'  stnanis  arr  all  alikr  niountainoU'-.  the  streams  tlt)wing  throujrh 
dtM'i)  and  ru«'-<*'rd  <-anvons.  whrn*  the  watiT  i-an  he  used  onlvforthf 
dcvtdopUH'nt  of  po\v<'r  an<l  for  ])la(M»r  niininjr:  hut  uixm  leaving;:  the 
foothills  »*arh  on<'  of  thiMU  rnhT<i'<'s  into  a  hn»ad  and  nearly  level  val- 
h»v  wh<  IT  fannintr  hv  irriifJition  is  <'\trnsiv(dv  i)ractieed." 

Thn'o  stations  have  Iw'en  maintained  u]><)n  th«' St.  Vmin  and  itstril)- 
utaries.  one  located  at  a  p<»int  ai>out  oin'-half  of  a  mile  east  of  Lyons, 
upon  th<'  St.  Vrain.  one  at  a  point  at  thr  mouth  of  the  eanyon  of  the 
Bouhh'T.  a  mih'  ahovr  tin*  town  of  HouMrr.  and  one  at  a  point  in  the 
mouth  of  thr  South   HouUh  r  Canvon  ahout  >)  miles  west  of  Mai'sh'all. 

KfMords  havr  Immmi  k<M)t  of  tin*  iratrc  heiifhts  at  the  Lvons  station 
sine*'  Ai)ril,  l^ss,  rxccpt  tlurin^r  tin*  y<'ars  ls'.»:>and  IS^^^  when  von 
litth*  hydrojrraphic  work  wa^  dom*  in  ('()lorado.  A  numlK*r  of  changos 
in  tin*  lo<-ation  and  position  of  thr  ^^a^.'-r  rod  have  been  necessary,  hut 
thes<>  have  not  all"ect<«d  the  valur  of  the  tahlrs,  the  station  l)eing  always 
practically  tin*  sam(\  As  maintained  at  the  prest^nt  time  the  station 
is  opposite  tin'  'J'owim"  Hotel.     Most  of  the  measurements  are  madehv 


n  For  full  jUttcTiptioii  oi  thi-  basin  soo  Hayden^  RoiH)rt  i»f  1S75,  p.  4;W.    AUso  Report  on  AsrricuiUUe 
by  Irrigation,  Eleventh  Ceiwun,  p.  103. 


nuMiLl  BOOTH  FLATTX  DIVISION.  48 

wading,  but  at  high  water  they  are  made  from  a  bridge  located  about 
one-quarter  of  a  mile  below  the  station.  The  channel  is  favorable  to 
good  results,  lying  in  small  bowlders  and  cobblestones,  and  the  banks 
are  so  high  that  overflow  is  improbable.  The  table  of  discharge 
includes  the  amount  carried  by  the  Supply  ditch,  which  is  taken  out 
above  the  station  but  of  which  records  were  also  kept* 

«*  Kur  more  deUilcd  daU  oonccmiiig  Uiis  KUtitm  nnv:  Bieiitilal  iU'|N>rtM  of  StaU*  Knginevm  of  Oolo> 
nido:  Fourth,  Put  I.  p.  63,  and  Fart  II,  II.  XIX:  Fifth,  I*art  I.  pp.  IK  and  28.  l*art  II,  IM.  XIII: 
Sixth,  pp.  20 and  28:  Eighth,  p. 436;  Ninth,  p.  »48:  Tenth,  pp.  213  and  2K0.  Hva  aim  publicatlona  U.S. 
Gculogical Survey:  Klghtecnth  Aiinnal  Report.  Part  IV,  p.  172;  Nlnet<><'nth,  Part  IV.  p.  320;  Twentieth, 
Ptert  IV,  p.  2K5;  Twenty  flnd.  INirt  IV.  p.  20H:  Bullethi  N<».  140.  p.  IW:  \VaU>r-8uiiply  and  Irrigation 
Piaperi,  No.  11.  p.  55;  No.  1.%  p.  98;  No.  27,  pp.  ft).  86,  and  89;  No.  87.  p.  232;  No.  39,  p.  448:  and  No.  49, 
p.  288.    Alao,  Report  on  Agriculture  by  IrrfgHti<m,  Eleventh  Ck*iiMiw,  by  P.  H.  Newell,  p.  1(K). 
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i  mtmmttm  diicharge  and  averoffe  run^of  8t.  Vrain  Cfreek  at  I^fotM  Utr  thai 
portion  of  each  year  covered  by  records. 


Minimum. 


Date. 


June  — 

May  28 

June  2 

;  May  27 

j  June  24 

June  16 

;  May  30 

June  11 

'  June  17 

I  June  20 

[  Apr.  29 


Amount. 

ikc.-Ji. 
«320 

548 

675 
1,397 
1,480 
1,127 

666 
1,052 

637 
1,275 

918 


icharge. 

Run-off. 

Max 

i>ate. 

1 

:imum. 
Amount. 

Depth  ill 
inches. 

t^eonnd- 

feet  per 

nquare 

mile. 

1 

1 

ifec.-JL 

Oct. 

— 

«50 

0.75 

0.68 

Oct. 

13 

26 

1.08 

.97 

Nov. 

15 

18 

1.08 

.97 

Apr. 

5 

31 

2.32 

2.08 

Oct. 

28 

53 

1.86           1.67 

Sept. 

14 

80 

1.92           1.72 

Oct. 

26 

21 

.?K) 

.81 

Nov. 

16 

31 

2.0(i           1.85 

Nov. 

26 

21 

.91 

.82 

1  Nov. 

11 

16 

1.72 

1.54 

'  Mar. 

17 

10 

1.52 

1.36 

u  Mayi>  'JO  to  81  inclusive. 


Ditchurge  ineajturements  made  <m  St,  Vrain  Creek  at  Jstfoun. 


J.  Preston. 

..do 

..do 


J.  Preston. 

..do 

S.  Sumner 
J.  Preston 


iS.  Sumner 


..do 

..do 

Cogswell 
..do 


.  L.  FrlloWH 

..do 

.-do 

-.do 


Hydroj^raphor. 


<Ja«o 
liviKht. 

DIh- 
chtiiye. 

nd. 

Sfc.-frct. 

1.65 

260 

3.  40 

3:J6 

2.10 

()5 

3.  57 

389 

2.  70 

189 

2.  50 

110 

2.  22 

53 

4.  15 

659 

4.40 

713 

;;.  70 

f          551 

3.  10 

379 

2.10 

115 

1.  75 

54 

2.  SO 

256 

3.10 

308 

2.20 

73 

\.^ 

\           ""^ 

or  oolokuml 


IM 

IH 

Apr. 

IS 

Mmj 

K 

June 

14 

Auk. 

» 

Oct 

7 

i«oo.  1 

Htf. 

13 

Apr 

27 

July 

27 

Thu  general  nutuie  uf  Boulder  Creek,  which  is  one  of  theti 
ries  of  the  St.Vrain,  hiw  already  been  noted  in  the  deecription  of  h 
mBin  stream. " 

The  g^iiig  station  io  loiiited  11  miles  shove  the  town  of  1 
in  the  mouth  uf  the  canron.  There  are  two  lunaU  irrigation  d 
alx>vc  thi^'  slutiori,  hut  the  amount  of  water  diverted  doett  not  eiccMll 
or  6  oei'und-frM't,  and  may  therefore  )>o  dixregarded.  The  ebaniwli'l 
thcHtrcHui  I'onslHtfi  of  larjje  iKiwldurw  throujrhout  its  entire  courae.io'i 
it  in  then'fori'  dittirult  to  nmkf  lu-cunitc  mejvMiivments.  Gaging**'*  1 
UMUilIly  liLudc  l.y  wiidiiifT,  Imt  nmy  Uc  inucir  fnirri  ii  wiit^'ori  lirklgein*  | 
bIkivc  (he  gittt*'  I'otl  «t  high  wiiU-i-.  Tho,  normal  flow  is  entirely  o"* 
for  irrigation,  hut  during  tlic  fl<MHi  st'u^ou  a  large  proportion  goeato 
wa«ti'.  Fillings  Imvc,  however,  Ixn-n  iiiitdc  u|)on  »  number  of  reserTW 
uitvs  la  this  diiilimge  iniMin,  )>y  moans  ofwhii-h  most  of  the  durphB 
water  might  Iw  stoi-ed.^ 

oPiir  II  rliwri|>lir>ti  «[  Ihin  clralnHfn--  li'i^ii.  ff-  llnyilon's  Report  I'l  I!t;9.  p.  4M.  Aim  Ripdl* 
AftririiUuni  by  InisHliini.  Eli'Vvnth  Ci'ii.iis.  I.]-  K.  II.  N>-wi'1l.  |>.  lOa. 

feBlunninl  RpporW  nl  Slate  KiMtliiwrs  i.f  I'oli.mil.i:  Kmirlh,  Ilin  I.  p.  M,  Hnd  P»rt  11.  PI.  XXI:  W*- 
I'Htt  I,  p|i.  IK  mill  Xi,  niiil  Pan  II.  I'l.  XV:  Slxtli.  ml  n  iind  Xt;  EiKhtli.  p.  Hi;  Kinlh.  p.  MS:  Testt. 
pp.  2U  Mill  277.  AIhi  pAhllratloni'  t'.  K,  (Iwilniclml  Siirvvy:  Annual  Rcinrta,  Ktshlccnlb.  ran  IV.  f 
ITI:  Nlnctnulli.  ilirt  IV,)i.3l»:  Tvrvnilelli.  llirt  IV.  p.  WC;  Twpnly-lln't.  I%n  IV,  pp  JOl-aX:  Bil- 
litin  Ha.  110.  i>.  IW:  WiitiT Supply  ami  IrriKHtlim  i'apen,  Sii.  II.  p  !■'•:  Nii.  U.  p.  BZ;  Ni>.  Xi,  pp.  K 
fHaiiilW;  No.  37,  p.  2U;  Ntk  «,  |>.  9fl7.  AI»Bepurt<in  .Vgriuultun!  by  InlgatKHi,  Blevcnlh  0«nn 
liy  r.  H.  Newell,  p.  108. 
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Maximum  and  minimum  discharge  and  average  run-off  of  Boulder  Creek  at  Boulder  jm 

that  portion  of  each  year  covered  by  records. 


Discharge. 


Year. 


Minimum. 


Maximum. 


Date. 


188S April  — 

1889 Sept.    20 

1890 Nov.      7 

1891 Sept.   16 

1892 

1895 ' 

189(5 i 

1897 j 

1898 1 

18i>9 j 

1900 1 

I 


Oct. 

19 

Oct. 

29 

Apr. 

3 

Nov. 

L(> 

Nov. 

HO 

Nov. 

29 

0(!t. 

31 

Amount. 

Sec. -feet  \ 
25 
16  ' 
23  i 
54  ' 
27 

5 

7 
23  i 

3 
13 

7  • 


Date. 


June  — 
May  31 
Aujr.  4 
June  8 
June  23 
June  3 
.May  30 
June  10 
June  18 
July  2 
June     1 


Amount. 


Run-ofl.i 


Second- 
Depth  in     feet  per 
inches.        nqoait 
mile. 


350 
785 
1,200 
540 
646 
750 
809 
745 
560 
84i 
801 


0.90 
1.75 
1.03 
1.46 
1.45 
1.56 
0.82 
l.;i4 
1.36 
1.66 
1.77 


0.81 
1.57 
0.93 
1.31 
1.30 
1.40 
0.74 

i.ai 

1  •» 

1.49 
1.59 


"The  run-off  given  is  the  ain(»unt  for  that  part  »)f  each  year  covered  by  the  reirords  and  for  an 
average  m»)nth  of  thirty  days,  at  the  rate  given  as  the  mean  for  the  period  covered. 

Dijichan/r  mt'ai<un incuts  iiunh'  on  Uonhhr  (Wek  mnr  Boulder. 


\h\W. 

ls<i:>. 
July     17 
Oct.     i:; 

1S*H). 

July      1' 
July     :U) 

Sept.   2:; 

Oct.       U) 

1S!»7. 
>ray     21 
July     2«) 
AuL'.     12 
Oct.      \:\ 

isus. 
Apr.     17 
May     28 
.Inly      K; 

Au^'.     :; 

Oct.      11 


H>(lr(»urapln'r. 


I*.  J.  I'n'f'ton 
.1m 


P.J.  Preston 

....<!(» 

It.  S.  Siiiiirici- 
P.J.  Prc'stcn 

L.   1(.   IIOIM'.. 

U.  S.  Sumner 
.....lu 


A.  L.  Fe]l()\v>. 

(l.» 

J.  K.  Fielil  ... 

A.  L.  Fellows 

<l(.  


(lage 
height. 

ehanrr 

Fftt. 

Step- 

1.90 

317 

.  50 

36 

1 .  30 

K^ 

1.10 

110 

.SO 

(W 

.  50 

3.'! 

2.  15 

442 

'         1.75 

298 

1 .  55 

224 

.  55 

4^S 

.  7S 

f)1» 

l.S,') 

;>fi7 

1.50 

2f>*i 

.  S()  ; 

ti2 

•>k' 

12 

'BLL0W8.] 
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Discharge  meamiremenU  ttiade  on  Boulder  Creek  near  Boulder — Contiiiue<l. 


Date. 


1899. 
-Apr.  21 
:May  6 
Jane  15 
10 
20 


-Aug. 
Otc. 


1900. 
-Apr.    28 
July    27 
^ug.    28 


Hydrugrapher. 


J.  E.  Field  . . . 
A.  L.  Fellows 

do 

do 

do 


A.  L.  Fellows 

do 

do 


Gairc 
height. 


1.00 
1.20 
2.50 
1.70 
.50 

2.  10 

1.40 

.62 


Dis- 
charge. 


84 
134 
642 
276 

36 

48:^ 

220 

49 


SOUTH    BOULDER   CREEK    AT   MARSHALL. 


South  Boulder  Creek  in  a  tributary  of  the  Boulder,  and  its  drainage 
basin  lies  north  of  and  adjoins  that  of  Clear  Creek."  The  station  has 
been  maintained  for  each  irrigation  season  since  April,  1888,  except 
during  1893  and  1894.  The  rod  consists  of  an  inclined  timber  on  the 
north  bank  of  the  stream,  near  the  house  of  C.  K.  Barber.  Two 
ditches  take  their  water  supply  from  the  stream  at  points  above  the 
station,  these  being  the  South  Boulder  and  Coal  Creek  ditch  and  the 
Community  ditch,  and  their  discharges  are  added  to  the  discharge  as 
found  at  the  station,  so  as  to  give  the  total  run-oflf  of  the  Imsin.  The 
channel  of  the  stream  is  rocky  and  full  of  bowlders,  but  does  not 
change  materially.  Gagings  are  usually  made  by  wading,  but  at  high 
water  they  may  be  made  from  the  foot  bridge  just  al)ove  the  rod.* 

a  For  description  see  Hayden's  Rei)ort  of  1875,  \k  43i;.  Alw)  Report  on  Ai^rionlture  by  Irrigation, 
Eleventh  Census,  by  F.  H.  Newell,  p.  103. 

fe  For  more  detailed  data  concerning  this  stHtion  see  Biennial  Re|K)rts  of  tlie  State  Engineers  of 
C«>lorado:  Fourth,  Part  I.  p.  64.  and  Part  II,  PI.  XXIII;  Fiftii.  Part  I,  p.  36.  and  Part  II,  PI. 
XVII;  Sixth,  pp.  21  and  86;  Eightii,  p.  41H;  Ninth,  p.  341.  Tentii,  pp.  225  and  273.  Also  publications 
of  U.  8.  Geological  Survey,  Eighteenth  Annual  Report.  Part  IV.  p.  169;  Nineteenth,  Part  IV,  p.  318; 
Twentieth,  Part  IV,  p.  287;  Twenty-first,  Part  IV,  p.  '206.  Bulletin  No.  140,  p.  107;  VVater-Supply  and 
Irrigation  Papers.  No.  11,  p.  M;  No.  15,  p.  91;  No.  27,  pp.  82.  tMi,  and  89;  No.  37,  p.  229.  and  No.  49,  p. 
286.    Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  103. 
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and  minimum  ducharffe  and  average  runoff  of  South  Boulder   Creek  at 
Marshall  for  that  portion  of  each  year  covered  by  records. 


ear. 


Discharge. 

Minimum. 

Maximum. 

Dftte. 

Amount. 

Date. 

Amount. 
Sec.-Jt. 

1 

See.-/!. 

Sept.  — 

30 

June   — 

225 

!  Oct     12 

15 

May    31 

560 

8ept  20 

19 

May    28 

542 

Sept  19 

16 

May    17 

565 

Oct     13 

15 

June    24 

561 

Oct.      1 

14 

June     3 

1,090  , 

Oct.      6 

18 

Mav    :W 

603 

Nov.     7 

18 

June    1 1 

595 

Nov.    18 

9 

June    17 

444 

Sept  21 

9  1  June    21 

(m 

Sept.  16 

5 

June     2 

582 

Run-off. 


Depth  in 
inches. 


8ccx)nd- 

fectper 

iiquare 

mile. 


I 


1. 

02 

0. 92 

1. 

55 

1.39 

1. 

41 

1.26 

1. 

27 

1.14 

1. 

41 

1.26 

1. 

96 

1.76 

• 

88 

.79 

1. 

63 

1.46 

• 

98 

.88 

2. 

19 

1.96 

1. 

08 

.94 

Discharge  measurements  made  on  South  Boulder  ( 'reek  (it  Marshall. 


Hydrographer. 


P.  J.  Preaton 

do 

do 


P.  J.  Preeton . 

do 

R.  S.  Sumner, 
R.  J.  Preston . 

L.  R.  Hoik.*... 
R.  S.  Sumner, 

do 

do 

F.  Cogswell . . 
do 


Gage 
height. 

DiH- 
charge. 

Feet. 

SfC.-Jl. 

2.00 

164 

'         2.00 

195 

i.a5 

42 

1.50 

88 

0.96 

27 

1.00 

31 

0.90 

24 

2.  45 

:M8 

2.60 

363 

•)  ^n 

•^rn 

A.  L.  FellowH 

do 

do 

do 

do 


\ 


1.55 

116 

0.82 

14 

I .  :i5 

72 

2.29 

274 

1.70 

130 

1.16  I 

47 

^,^ 

< 
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I  ytiN'hnrtft'  mrtiKurt' intent*  iiimli-  nn  Sintth  Html  fir  r  Prffk  at  Marfhall. — (^lntintt1l 


Apr.  1^.'  J.  K.  Y'w\i\  . . . 

Mav  i\  A.  I-..  PVllowH 

m 

Juno  !.">  , <lo 

Aujf.  10    <lo 

0<'t.  1(1  ' •!<> 


HNN). 
Julv    2S     A.  L.  Kell<»WH 
Anjr.    *JS  ' iln 


Hydmt^raphiT. 


ei^ht. 

dnqgtl 

Ffft, 

.*t^ 

1.70 

Ifi 

1.55 

« 

2.80 

« 

1.60 

n 

0.70 

< 

1.40 

1 
s 

1.10 

1     » 

HK.    TII()Mi*S(iN    CKKKK    AT   AKKINH. 


This  stroain  dniins  ronsidonibU^  territory  north  of  Ix>ngs  Peak,  ind 
is  o\w  of  the  hirgost  tributaries  of  the  South  Platte,  into  which  it  flow 
alnuit  4  miles  alK>ve  the  town  of  Evans.  The  Little  Thompson  is  ib 
iiuiK>rtjint  trilnitary  of  the  \\\y^  Thompson,  and  the  country  drained  by 
these  two  streams  fonns  irrij^ition  district  No.  4  (see  PI.  IV,  B\* 
The  two  streams  come  to<^«»ther  a  short  distance  aht>ve  where  their 
combincHl  waters  enter  the  South  Platte." 

Records  wtM'e  he^rmi  u])()n  this  stream  in  April,  1888,  and  have  l)een 
maintained  for  a  [)()rti()n  of  <»ach  year  since  that  time,  except  in  the 
years  IM»M  and  ism.  Tlu»  location  of  the  station  has  Iwen  changed 
several  times,  havinj^  hccii  hclow  both  the  Handy  and  the  Home  Sup- 
l)ly  ditcln's  a  portion  of  the  time  and  above  the  Home  Supply  and 
below  the  Handy  at  other  times.  At  j)resent  it  is  located  at  the  upper 
point,  so  that  only  tlu*  waters  carried  by  the  Handy  ditch  need  to  be 
added  to  <rive  tlie  total  rurj-otf  of  the  basin.  The  amounts  jriven  in 
the  tabhs  an*  for  the  coml)in(*(l  tiow.  Irripition  is  practiced  on  a 
small  scab*  about  20  miles  abovi*  the  station  also,  but  to  such  a  limited 
extcMit  that  it  mav  1m»  disn'o-arded.'' 


"Kiir  (li-M-riplioii  sn*  HayMcirs  li«>i»<>rt  fi»r  1*»7.">.  i». -liC;  nlso  KciKirt  on  Apriciiltniv  by  IrriiTHtJiTO. 
Kk'Vt'iith  Consns,  l>y  V.  W.  N«'\vt']l.  m>.  lUi  ll'.>. 

''For  nuin'<li'tiiil«'i]  iiii«iriniiti(»ii  coticr'rnini;  thi'^si»iti<»!i  sfo  Hicnniiil  Rop«>rt»«  of  the  State  Eng'ineen 
of  CoUmulo:  Sccoiiil.  \k  <;.  Kourtli.  I'jirt  I.  p.  i;t.  aii«l  Piirt  II.  1*1.  XXII;  Fifth.  Part  I.  pp.  Is  AndiH. 
jind  Pitrt  II.  PI.  IX:  Sixth.  jii».  '1\  ami  'M.  Kiuhili.  I'.  l:i<>:  Ninth,  p]..  810  and  :«3;  Tenth,  pp.  21.VilP 
an«l  liM.  A'><>  puMicHtions  V .  S.  <;«'(»l(»Ki<al  ^urvt-v.  Kif,'ht«'onth  Annual  Report.  Part  IV.  p.  1"^ 
Ninelronth.  Part  IV.  p.  :{J1;  T\vrini»'th.  Part  IV.  p.  2s>^;  TwiMity-tlrst.  Part  IV.  p.  iW;  Bulletin  N--" 
140.  p.  110.  \Val«'r-Sup]>ly  aii'l  Irri^ratioii  Pap«'r<.  No.  11.  p.  .V)  No.  ir>.  p.  W;  No.  "J7.  pp  .s:l.  Si.  on«l  "^ 
No.  'M.  p  2:«.  N<».  8'.»,  |».  !!*<;  an«l  Nn.  4'.«.  p.  J'.M).  AIm)  ReiM»rt  on  .Vgriculturu  by  Irrigation.  Ek-vcnth 
Censii-s  by  F.  H.  Newell,  pp.  llt>-119. 
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WATKK  BBBOUSOSa  OC  4 


iiiHiiiH  <li»'hnr'jr  itiiti  ai^emyrnin-^  u/  Bitj  Tluim/u-m  CrttkalAi 
Jiir  lh"t  /'•rliori  nf  mrh  year  oietrrd  by  rrrurtU. 


m 


.    A|.r. 


;  Sept.  17 

.   Kept.  20 

.   Oat.  3 

Oct.  28 

.[  Xov.  IH 

.':  Oct.    w 

,|  Apr.      9 
,   Apr.      2 


J  tine  16 

liajr  31 

luly  2t 

Jane  25 

Jtuie  21 

.lune  2 

iUy  an 


1,6CM 

t.io  1 

1,1»<2 

1.33  1 

1.  lltf. 

LIS  1 

1,102 

1.74 

1.200 

.81 

1.040 

1.01 

722 

.66 

i,a&s 

1.M 

2,  SB 

£« 

DifeliuTi/t  HutlMiremeiiU 


n  Uig  7'i«iri/won  (Vwt  <iJ  .drl-nM. 


IBW. 
DUy  ' 
JhIv    10 


P.  J.  PrcaWn  . 


.:%t  ^£^1 


July  28 

Ort.  15 

1897. 

May  2H 

June  18 
Jnii<< 

July  21    . 

Sept.  16 


P.  J.  Prestoti  . 


Aky  26     A.  L.  Fellows.. 

Jnljr  13  do 

An^  4   '.do 

Ort.  14  I do 


LOWS.] 
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Dhtrharye  meamtremfntu  mwie  on  liig  ThmijtMm  i>efk  at  Arkirn* — Omtinncyl. 


Date. 


Hy<ln>Krap]icr. 


1899. 
Apr.  17 
Blay  4 
Jane  13 
Aug.  8 
Oct.       6 


J.  E.  Field... 
A.  L.  Fellows 

do 

do 

do 


1900.     I 
Apr.    26  ;  A.  L.  Fellows 
July    26  ' do 


Gatfo 
height. 

Din- 
charge. 

Ft  ft. 

Str.-/l. 

0.90 

14:^ 

.97 

173 

2.  55 

Wl 

1.78 

406 

.50 

M 

1.91 

512 

i.:« 

322 

CACHR    LA    POUDRE   RIVER    AT    FORT   COLLINS. 

This  stream  is  the  largest  and  the  northernmost  of  the  tributaries 
discharging  from  the  east  front  of  the  Ro<*ky  Mountains  into  the 
South  Platte.  During  the  irrigation  season  its  disc*harge  is  augmented 
by  the  supply  diverted  from  the  headwaters  of  the  Laramie  River, 
which  heads  immediatelv  west  of  the  headwaters  of  the  Cache  la 
Poudre,  the  diversion  being  made  through  a  canal  known  as  the  Sky- 
line canal,  already  mentioned  (p.  21).  Measurements  of  the  dis- 
charge of  the  Cache  la  Poudre  Basin  therefore  include  some  of  the 
Laramie  waters.  As  is  the  case  with  other  streams  of  this  region,  the 
normal  flow  is  almost  entirely  consumed  for  irrigation,  and  even  the 
greater  part  of  the  flood  waters  is  stored  for  late  use.  The  earliest 
and  most  thorough  irrigation  of  the  State  is  carried  on  along  this 
stream.^  The  station  was  established  in  1884  at  a  point  about  1.5  miles 
above  Fort  Collins,  and  has  been  maintained  ever  since  that  time  under 
the  direction  of  Prof.  L.  (i.  Carpenter,  of  the  Colorado  State  Agri- 
cultural College.* 

The  following  tables  are  compiled  from  records  published  from  time 
to  time  by  Professor  ( -arix'nter,  the  first  tji})le  showing  the  noiinal 
discharge  as  calculated  by  him  for  tlu*  irrigating  season,  and  the  sec- 
ond giving  a  summary  of  discharge  for  the  entire  time.  The  results 
are  to  a  certain  extent  niish^ading,  as  additions  have  })een  made  to  the 
normal  discharge  of  th(»  stream  from  year  to  y(»ar  through  the  Sky- 
line  canal,  taking  its    water  from    the*    hcMidwaters  of   the   Lanunie 


a  Water-Supply  and  Irrigation  Pupvr  No.  9  imd  I)fi>artiiH'nt  of  AKrit'iilturo  HulU-tin  No.  ^2. 

frFormore  detailed  Information  ronceniinK  tliix  station,  nee  Biennial  lU-jxirts  of  tho  Stato  Kn^i- 
neera  of  Colorado:  Second,  i>.  C  and  Appendix  H:  Thinl,  i>p.  f)  and  62;  Fourth,  Part  I.  p.  Jil.  and  Part 
II,  PI.  IX;  Fifth,  Part  I.  pp.  17  and  2*2;  Sixtli.  pp.  19  an<l  22:  St'venth.  i».  172:  Ninth,  i».  .VV,:  Tenth. 
p.  288.  Alno.  publicationH  U.  S.  (JeoloKical  Siirvfv:  Thirteenth  Annual  Report,  I'art  III,  p.  <.M;  Twen- 
tieth, Part  IV,  p.  290;  Btillelin  No.  i:JI,  p.  :W;  No.  110,  p.  112;  Water-Supply  and  TrrJKation  Paiwrs, 
No.  9,  p.  16;  No.  87,  p.  235,  and  No.  U»,  p.  291.  Also.  Report  on  Agriculture  by  Irrigation,  Eleventh 
OeDBUB,  by  F.  U.  Newell,  p.  110. 


WATER  KBSOUBOBS  OV  OOMBADO. 

Krei',  imd  (liii^  iiicrea.H(>  in  nut  cuimidered  in  tbtt  tattltv.  In  i-om- 
patiH};  tbe  uvoni^r  iiionthlj-  (iiwhar^e  only  those  months  arp  inoludcd 
for  wbirh  tho  r^v-ord  is  loinplfti',  or  at  least  ostimatwl: 


eSg.  1.— Nuiiuoi  dUclKTge  ol  cuiiii 
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di9e^arffe  of  Oadie  Ui  JPtndre  Rwer  at  FnH  OoUnutfar  the  yean  U  ^  to  mx), 

tndumce. 


ixiy. 

Apr. 

May. 

June. 

July. 

Aug. 

1     8«pt. 

Oct. 

9ec»-JL 

9ec-/L 
589 
697 
611 
634 
686 
729 
784 
842 
916 
974 

OQO 

1,024 
1,012 
1,046 
1,109 
1,232 
1,240 

See.'Jt. 
2,052 
2,120 
2,250 
2,207 
2,108 
2,149 
2,136 
2,165 
2,268 
2,385 
2,319 
2,271 
2,227 
2,188 
2,171 
2,123 

2.r»8 

Ser.'JL 

1,426 

1,399 

1,328 

1,290 

1,213 

1,152 

1,154 

1,118 

1,069 

1,029 

954 

965 

951 

871 

856 

814 

794 

774 

737 

694 

704 

660 

611 

''597 

"583 

«569 

<'555 

«542 

«529 

«  515 

502 

490 
485 
479 
469 
438 
«426 
414 
383 
395 
398 
374 

;«8 

339 
338 
324 
338 
325 
387 
333 
317 
306 
299 
291 
284 
280 
262 
251 
252 
251 
240 
247 

Sec'fl. 

245 

238 

228 
a226 
'  «222 
"219 
«216 
"  213 
1  «210 
«207 

204 

189 

182 

170 

166 

168 

161 

154 

161 

146 

144 

140 

139 

144 

148 

147 

148 

145 

143 

141 
........  

Sfc-Jt, 
147 

137 

133 

137 

133 

131 

132 

133 

130 

139 

129 

129 

132 

• 

130 

127 

1,259       1^959 
1,311       2-005 

1,446 
1,625 
1,547 
1,534 
1,625 
1,720 
1,804 
1,890 

—J  ^^ — 

1,913 
1,966 
1,881 
1,810 
1,783 
1,755 
1,741 
1-633 

1 

1 

367 
406 
446 
541 
607 
706 
651 

1 

■ 

1 

1,985  ,     1,619 
1,980  1     1,561 
2,046       1,472 

2,028    

1 

1 

• 

"Int 

en»olMte<l. 

5K 
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%m  and  minimwai  diBcharge  and  average  rtiU'Off  of  Cache  la  Poudre  River  at  Fort 
OolHrufur  thai  portiwi  of  each  year  covered  hy  recordi. 


Year. 


^Discharge. 


Minimum. 


Date. 


Mar.  22 

Oct.  5 

Oct  13 

Sept  18 

Sept  19 

Dec.  17 

Nov.  16 

Mar.  31 

Mar.  17 

Aug.  31 

Nov.  17 

Sept  18 

Aug.  18 

Oct  1 

Oct  1 

Oct.  7 

Sept  20 


Amount. 

Sec.'fL 

30 

220 

110 

110 

90 

33 

39 

32 

40 

161 

42 

174 

192 

121 

35 

92 

113 


Maximum. 


Date. 


June  28 
June  3 
May 
June 


29 
7 
June   15 


1 
2 


June 
June 
June  10 
June  21 
June  12 
June  6 
June  10 
May  30 
May  24 
June  17 
June  21 
May    29 


Amount. 

5,611 
3, 815 

2£UUl 
,  tXX) 

2,500 

1,550 

1,960 

1,804  : 

3,600 

2,535  ' 

2,949 

3,672 

3,429  , 

2,771 

3,155  I 

1,699 

3,968  I 

4,560 


Run-off. 


:  Second- 
Depth  in     feet  per 
inches.        fiqnare 
mile. 


1.85  ! 

1.26 
.83 
.75 
.43 
.50  I 
.59  ■ 

.70  ' 

I 

.79 

.84 

.84 

.95 

.55 

.83 

.48 
1.08 
l.:i3 


1.66 
1.13 
.75 
.68 
.38 
.45 
.53 
.63 
.71 
.76 
.76 
.  86 
.49 
.76 
.43 
.97 
1.19 


LARAMIE   RIVER   AT   WOODS,  WYO. 

s  stream,  already  briefly  described  on  pages  21  and  66,  rises  in 
Park  in  Northern  Colorado,  and  flows  northerly  into  Wyoming, 
is  little  irrigation  from  I^ramie  River  in  Colorado,  except  that  a 

n  of  the  supply  of  the  Cache  la  Poudre  district  is  supplied  from 

)urce,  as  already  mentioned  on  pages  21  and  55  (see  PI.  V). 

i  data  for  this  station  is  published  through  the  courtesy  of  Mr. 

Parshall,  deputy  State  engineer  of  Wyoming." 

norc  detailed  information,  see  publiratioiiN  V.  S.  Geological  Survey,  Eighteenth  Annual 
Part  IV.  p.  142:  NineU'enth,  Part  IV.  p.  MX);  Twentieth,  Part  IV,  p.  274:  Twenty-firnt,  Part  IV. 
ulletln.  No.  131,  p. 28;  No.  140,  p.  95-  Water-Supply  and  Irrigation  Puikth,  No.  11,  p.  50;  No.  15. 
».  27,  pp.  78,  86,  and  8«:  No.  37.  p.  214;  No.  39,  p.  +17.  and  Xo.  19,  p.  27:i.  Also.  KerH)rt  on  Agri- 
)y  Irrigation,  Eleventh  (?enHUH,  by  F.  U.  Newell,  p.  2ftl. 
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!md 


dMknfe  and  average  run^  of  Laramie  River  at  WoodSy  Wyo.f 
for  ihai  portUm  of  each  year  covered  by  reoord$. 


Diachaige. 

Run-oir. 

t. 

Minimum.                         Maximum. 

Depth  in 
incbee. 

0.63 
1.35 
.63 
2.15 
1.73 

Becond- 
feetper 

Date. 

Amount. 

Date.             Amount. 

square 
mile. 

Aoff. 

See.'/l. 
49 

See.'/l. 
May                    2, 166 
May                    3,435 
May                    1,572 
Jane  25             4,502 
Mav    31  1             3.905 

0.57 

Apr.                   48 
Sept                  40 
Oct       1            45 
Sept     1            40 

1.21 

'"  "[[] 

.57 

1.93 

1.55 

1                     1 

DinchoBrge  meaauremenU  made  on  Ixiramie  River  at  Woods,  Wyo. 

Hydrographer. 

Qage 
heSht. 

FeeL 

Dto- 
chaige. 

W.  M.  OU( 

srort  .•.....••.•. ..••..• .............. .... 

Sec-fL 
27 

67 

do  .-, -  ' 

80 

W.  M.  GiU 
. .  • .  .do  ... 

rrest 

2.80 
0.80 

0.85 
2.40 
1.75 
1.25 
0.85 

1,129 

49 

W.  M.  GU< 
do  ... 

nneet 

75 

797 

. • . . .do  ... 

350 

ElwoodM 

W.  M.  GU< 

. . « .  .do  ... 

e«i 

198 

•rest  

81 

0.80 
1.00 

0.70 
2.30 
4.10 
3.60 

75 

C.  T.  John 
C.  T.  John 

Bton 

121 

ston 

69 

1,110 

do 

3,538 

do 

2,509 

do 

3.  76 

2,651 

do 

2.65 
2.00 
2.00 

1,432 

do 

707 

706 

C.T.John 
do  ... 

ston 

1.40 

362 

2.00 
«2.30 
«'2.40 

2.10 

758 

do 

1,Q17 

do  .              

1,123 

do 

8S8 

fl^^^*             WATEB   RH80URCB8   OlT  OWraHH^^^^^^H 

^ 

as.  A 

1889. 
May    2» 

3.30'     2,» 
3. 10       2,31* 
4.40       I.Hi 
2.80       ilN 

-do 

July     a 

Mhv       4 

<iAI«B.  m.                                             l-AtT.Mip.  ni. 

Thf  following  tiiliU'  of  iiiiscelljineoiw   measureuiento   upon  Sootli 
Platt€  River  mid  it»  tributaries  is  compiled  from  tho  CVilonidii SWe 
Engineers'   Biennial  Reports,  and  from  alt  other  available  soun» 
They  are  at  varioua  jminti?  in  tlie  division  and  are  rnlimble  for  ibt 
information  furnished  ax  to  the  discharge  at  given  times. 
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SEEPAGK   MEASUREMENTS. 

The  subjoined  tables,  taken  from  the  records  of  the  state  engineer's 
office  of  Colorado,  illustrates  the  extiuordinary  return  from  seep- 
age along  the  South  Platte  and  its  tributaries.  Measurements  have 
been  made  annually  for  a  number  of  years,  whenever  cinumistances 
would  permit,  by  the  state  engineer's  offi(re  and  the  agri(*ultural 
college  at  Fort  Collins,  Colo.,  working  in  cooperation,  from  the 
year  1889,  inclusive.  As  may  be  seen  from  the  tiibles,  the  return 
from  seepage  increases  irregularly  from  year  to  year,  l>eing  natu- 
rally considerably  less  during  a  very  dry  year  than  during  a  wet  year. 
The  year  1896,  for  example,  was  very  dry,  and  the  returns  were  nmch 
less  than  they  would  have  l>cen  normally.  The  year  1898  was  again 
dry,  and  the  return  was  again  small.'' 

«  For  more  detailed  information  upon  this  subject  Bee  Biennial  Rei>ort«  of  tiie  State  Engineera  of 
Oolorado:  Fifth,  Part  I,  pp.  KQ  to  573;  Sixtli.  pp.  51  to  G5;  Seventli,  lit)  to  195;  KiKhth.  3M1  to  -MM; 
Efinth,  306  to  317;  Tenth,  208  tr>  236.  Al.so  Report  on  Agriculture  by  Irrigation,  Eleventh  CeMu«,  by 
r.  H.  Newell,  p.  133. 
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KANAAA   RIYKK  BASIN. 

*  A  considerable  portion  of  eastern  Colorado  is  drained  by  the  head- 
waters of  Kansas  River,  the  principal  tributaries  being  branches  of 
Bepublican  and  of  Smoky  Hill  rivers.  These  streams,  unlike  the 
other  streams  of  Colorado,  do  not  originate  in  the  mountains;  they 
derive  their  water  supply  directly  from  the  run-off  and  underground 
flow  of  the  plains.  The  measurements  of  the  (lenenil  I^and  Office 
show  that  there  are  al)out  9,459  square  miles  in  Colonido  l»elonging  to 
this  drainage  basin.  This  territor\',  although  not  In^longing  physically 
either  to  the  South  Platte  division  or  to  the  Arkansits  division,  is 
divided  in  accordance  with  the  Colora<lo  hiws  l>etween  the  two,  the 
lands  drained  by  the  Noi*th  and  Middle  forks  of  the  Republican  and 
their  tributaries  constituting  district  No.  05  and  l)eing  apportioned  to 
irrigation  division  No.  I,  the  South  Platte  division;  while  the  lands 
drained  by  the  South  Fork  of  the  R<^publican  and  the  Smoky  Hill 
rivers  and  their  tributaries  constitute  district  No.  49  and  are  allotted 
to  irrigation  division  No.  II,  the  Arkaiisjis  division.  The  water  supply 
of  all  these  streams  is  small,  but  a  number  of  ditches  have  been  con- 
structed and  irrigation  is  carried  on  so  far  as  it  is  possible.  Only  a 
few  gagings  have  been  made  upon  the.se  streams  in  Colorado,  and 
these  are  given  below  in  the  list  of  miscellaneous  measurements. 
Stations  have  l)een  maintained  in  Ncbmska,  however,  and  some  of  the 
records  of  those  nearest  to  the  Colorado  line  are  given,  as  found  in  the 
records  of  the  U.  S.  Geological  Survey." 

FRKNCHMAN    KIVKK   AT    WAINETA    ANI>    PALISADE,   NKHU. 

The  station  at  Wauneta  was  located  in  1S95.  It  is  the  highest  sta- 
tion upon  the  Frenchman,  being  al>out  25  miles  east  of  the  line  between 
Colorado  and  Nebraska.  The  channel  has  not  i)roved  favora})le  to 
accurate  results  and  the  sUition  was  therefore  discontinued  in  lS9r). 

The  station  at  Palisade  was  located  Octo])er  14,  1894,  at  a  point 
about  three-fourths  of  a  mile  above  the  railroad  station  at  Palisade,  or 
about  16  miles  below  the  gaging  station  at  Wauneta.  The  results 
were  unsatisfactory  here,  also,  and  the  station  was  discontinued  in 

1896. 

The  results  have  considera})le  inii)ortance  in  connection  with  any 
investigation  of  the  Colorado  water  supi)ly,  as  the  greatest  source  of 
supply  for  the  streams  of  this  section  is  the  underground  flow  of  east- 
ern Colorado. 


aFor  more  detailed  infoiniHtion  joiurrninK  this  ilrainnKe  basin  sco  ])uhlicntions  r.  S.  Gt'oloKical 
Survey:  Sixteenth  Annual  Krr»<>rt.  Part  II,  ]>.  MT;  KiKhtn-nth,  Tart  IV.  \k  VJ\:  Ninotrenth,  Tart  IV, 
p.  837;  Twentieth.  I'artlV,  \t.  :«>»:  liiilletins  No.  i:n.  i».  :W;  N«».  HO,  !•.  lJ:i.  For  oarlior  hlHtory  and 
dcJH'ription  see  Vol.  XVII,  Tenth  (k'nHiis.  p.  .v.;  also  Eighlh  Bimnial  K«iHirt  (.f  State  Engineer  of 
Colorado,  p.  21;  and  Artesian  an<l  rndertlow  Investijraticnis,  Kx.  Dew.  No.  '-Ti-J.  Fifty-first  Conjfrcss, 
flist  aosiion,  and  Ex.  Poc.  53,  Parts  1  and  2,  Fifty-first  Conj^'reKM,  second  w.'suion, 
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These  stutioiin  are  fully  describeil  in  tho  reports  to  which  refereow 
ha«  already  lieeii  made  in  connt^ction  wiUi  the  Kansas  Baijin.  Thn 
are  located  upon  the  two  forks  of  K^publit-aii  River,  near  Benkelintin. 
Nebr.,  alxiut  20  mileH  east  of  Ihe  Colorado  line. 

The  cbaitnel  S»  in  each  case  sandy  and  shifting,  and  freqtie>nt  cban^ 
in  the  rating  tables  are  necessary.  Bt^th  stations  were  cstablishnl  in 
November,  1894,  and  were  uiaintained  only  until  the  fall  of  1895,  when 
they  were  discontinued  owing  to  the  unsatisfactory  nature  of  tlw 
results.  A  few  gagings  have  siucc  been  made,  which  are  included  in 
the  list  of  miscellaneous  measurements  below,  \ya.g&  6it. 


EMmifOitii  mimlMii  flMutryf  of  North  fiirt  RepuUican  Jiiiin-  at  Beukelmm 
[AlUtUdo,  3.WSIc«l;  dnluai|Biirui,alMiult.8UUii|Uanullw.J 

Uontb. 


Srbr. 


nLOWB.] 
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MISCSLLANBOCTS  GAGING8   IN  THB   KANHAH   RIVBR  BA8IN. 

In  the  following  table  are  given  the  results  of  gagings  of  streams  in 
he  Kans&s  River  Basin  made  during  several  years  by  hydrogmphers 
cting  under  the  direction  of  the  llnited  States  Geological  Survey. 

Miscfllaneoiut  gaginc/M  hi  the  KnnMw  Hirer  Hajtin. 


stream. 


Locality. 


I>Ht4> 


Hydn»KrHph4'r. 


Ihief  Creek I  5     miles     below  i 

Robb,  Colo. 


Mar.  23, 1891      L.  K.  Hoih* 


Torth    Fork    Re- 
publican River. 

Do 


6     miles     below  i 
Robb,  Colo. 

'^     miles     below 
Wray,  Colo. 

Do At  State  line I 

outh    Fork    Re-  '  2 J  miles  west  of 
publican  River.         State  line. 

rikaree  Creek  ...    3  miles    west    of  I 

State  line.  | 

renchman  River .    Wauneta,  Nebr . . . 


.<! 


<) 


Apr.  24, 1891 

(lo 

Apr.  26, 1891 


.do 

.do 

.do 
do 


Apr.  27,1891  , d 


o 


Do 

Do 

Do 

Di> 

Do 

Do 

Do 

Do Palisade,  Nebr. 


do 
.do 
do 
do 
do 
do 
do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

orth    Fork    Re- 
publican River. 

Do 

Do 

Do 

Do 


do 

do 

do 

do 

do 

do 

....do 

do 

do 

do 

do 

Bcnkt'liiian,  NVbr. 


.do 
.do 
.do 

.do 


Aug.  9,1895 
Sept.  10, 1895 
May  15, 1896 
Juno  18, 1886 
Julv  14, 189<) 
Aug.  12,1896 
Sept.  16,  1896 
Oct.  17,1896 
Dec.  8,  1894 
Mar.  22, 1895 
June  5,1895 
July  4,1895 
Aug.  9,  1895 
Aug.  10,1895 
May  15,  1896 
June  18, 1896 
July  15,  1896 
Aug.  13,  1896 
Sept.  16,1896 
Oct.  17,1896 
Dec.     9,1894 


O.  V.  P.  Stout 

do 

C.  E.  Crownover. . 
O.V.P.Stout  ...J 
E.  G.  Youngfelt  ..| 

O.V.P.Stout I 

E.G.  Youngfelt  .. 
i\  E.  Crownover.. 
O.V.P.Stout  .... 

do 

do 

tlo 

do 

do 

('.  E. Crownover.. 

O.V.P.Stout 

E.  G.  Youngfelt  . . 

< ).  V.  P.  Stout 

E.  (J.  Youngfelt  .. 
C.  E.  (Vownov(»r.. 
O.  V.  P.  Stout 


Do 7niileswc}^tof  Hen- 

j      kclnian,  Xe))r  .  .i 

Do Benkehnan,  Nebr  .  I 


Mar.  23,  1895  ' dn 

June  4,1895 
June  24, 1895 
Aug.  7,1895 
June  16,  1896 


Do 


d 


no 


....do 

Aug.  25, 1H% 


.d(» 
do 
d<» 
.do 


do 

Y..O.Nv>\3A\^VAV 


I)lHC'hHrK**. 

Sti'.-ft 
20 

21 

51 

70 

78 

14 

61 
56 
85 
48 
91 
4() 
85 
63 
116 
100 
154 
74 
68 
72 
103 
51 
93 
64 
85 
83 
75 

72 

141 

36 

64 

88 

29 
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[m% 


MUcellaiwovA  gat/higs  hi  the  Karutas  River  Batm — Continiied. 


stream. 


South    Fork     Re- 
publican River. 

Do 

!)«» 

Do 

Do 

Do 

Do 

I>o 

North     Fork    Re- 
imblican  River. 

Frenchman  River  . 

Do 


LcxrAlity. 


Date. 


Hydrographer. 


Benkehnan,  Nehr.j  Dec.    9,1894 


do I  Mar.  23,1895 

.do I  June   4,1895 

.do I  June  24, 1895 

.do I  July    3,1895 

.do '  Aug.    7,1895 

do Junel6,1895 


do 
do 


Aug.  18, 1900 
do 


Wauneta,  Nebr . . . 
Palisade,  Nebr...* 


O.  V.P.Stout  ... 

do 

do 

do 

do 

....do 

E.  G.  Youngfelt . 

0. V.P.Stout  ... 

....do 


I 


July  27, 1900 
do 


A.  B.  McCoekey 
do 


DiKbaiie. 


Knc:/L 


1 

41 

318 

75 

278 

Ht 

3 

3 

42 

74 
91 


ARKANSAS  RIVER  DIVISION. 
DRAINAGE. 

The  dniinage  basin  of  Arkansas  River  has  been  so  fully  described 
in  other  reports"  that  but  a  brief  description  of  its  physical  character 
is  necessary  at  this  time.  The  river  rises  a  little  west  of  the  center 
of  the  State,  n(^ar  Leadville,  and  flows  southerlv  and  westerlv  until  it 
passes  into  Kansas,  a  short  distance  a})ove  Coolidge.  Until  Canyon  i.'^ 
reached  the  country  parsed  through  is  in  geneml  mther  mountainous 
and  comparatively  litth*  iri'i^^^ation  is  practiced,  the  water  being  used 
mainly  for  power,  for  domestic  supply,  and  for  placer  mining,  and 
here  and  there  onlv  for  irritrjition  in  a  small  wav.  At  Canyon,  how- 
ever,  the  vallev  becomes  broader,  and  when  the  river  reaches  Pueblo 

/  ft 

it  enters  i\w  lu'oad  plains  of  eastern  Colorado,  upon  which  the  irriga- 
tion lU'acticed  is  limited  onlv  ])v  the  amount  of  water  available. 

1  ft  ft 

The  territory  drained  bv  the  Arkansas  and  iti>  tributaries  forms 

ft  ft 

irrigation  diyision  No.  II,'' which  is  subdivided  into  a  numlnn*  of  water 
districts.  These  are  district  No.  11,'  at  th(Oiead  of  the  Arkansas,  in 
which  there  is  but  little*  irrigation  and  the  water  is  used  principally 
for  storage,  ])lacer  mining,  and  for  tli(»  devel()])ment  of  power:  district 

n.Sro  Haydfu'.s  rc{M)rts,  jiixl  [nihlicatioTJs  (»f  tlu- C.  S.  «;«'nl(»irii'al  Survey  as  follows:  Tenth  Annual 
Rt'lMirt.  I'lirt  II.pp.r.'.hUKlN;:  KI.-voinli.  Tart  ll.pp.  l;">nn«l  :y)0;  Thirti'cmh.  I'art  ni,p.362:  SeveiUeeuth, 
Part  II.  !•.  ;V>7:  El^'litof-nlli.  I'Mrt  IV.  p.  -J:!?,.  Niiu'tnMith.  Part  IV.  p.  -X'A:  Twentieth,  Part  IV.  p.  323: 
Tweiity-nrst,  I'art  IV.  j>.irj«»:  liulU'tiu  No.  WW.  p.iil.  No.  1 10.  p.  I'^J;  Water-supply  and  Irrigation  IHiper 
No.  ."57.  i». 2*2').  No,  5"J,  p.  oly.  AK>.  Report  oil  A^jrieiilture  hy  Irrigation,  Eleventh  Census,  by  F,  H. 
Newell,  p.  «>7. 

h  Fourth  Biennial  Report  C-olorado  State  KnKineer,  Part  1.  p.  4«>;  lormajisee  Fourth  Biennial  Repoil, 
Part  II,  Phi'  I;  St'Vt'nih  Biennial  Report,  the  sjime.  Al.«^),  Reiwtrt  on  AKrieulture  by  Irrigation. 
Kleveiilh  Cen.»«ns,  by  F.  II.  New<.-ll.  p.  '.»7. 

<•  For  map  .'Jee  I'l.  I  in  Part  II  of  Fourth  and  Seventh  un«l  i'l.  II  in  Part  II  of  Fifth  Biennial  Report 
of  Stale  Kngiucers. 
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sik  IS,^  the  Oanyon  district,  where  irrigation  is  extensively  pr!icti(«d, 
NMfa  upon  the  main  stream  and  npon  its  tributaries;  district  No.  14,' 
|ft  Pueblo  district,  where  the  larger  canals  b^in  to  divert  the  water 
1^  the  main  stream;  district  No.  17,'  the  Rocky  ford  district,  in  which 
pigation  is  very  extensively  practiced,  the  largest  canals  in  the  State 
living  their  headgates  in  this  district^  and  district  No.  67,^  where  the 
liters  are  entirely  used  for  irrigation,  enormous  canals  and  I'eservoirs 
■verting  the  total  flow  during  the  greater  portion  of  the  year.  The 
Ifatricts  comprising  the  territories  drained  by  the  more  important  of 
^  tributaries  are  as  follows: 

District  No.  10,^  comprising  the  drainage  basin  of  Fontaine  Qui 
fouille;  No.  13,^  comprising  the  drainage  basin  of  Grape  Creek;  No. 
is,'  of  the  St.  Charles;  No.  16,-^  of  the  Huerfano  and  Cucharas;  No. 
A,^  the  Apishapa;  No.  19,^  the  Purgatory,  and  No.  60,  in  which  a 
itde  irrigation  is  practiced  upon  the  trtbutaries  of  the  Dry  Cimarron. 

District  No.  49,^  in  which  are  the  headwaters  of  the  South  Fork  of 
he  Republican,  can  hardly  be  classed  with  any  of  the  divisions,  as  it 
B  not  of  the  drainage  basin  either  of  the  South  Platte  or  of  the 
Arkansas,  but  lies  between  the  two,  and  comprises,  with  No.  65,  the 
lead  waters  of  the  Kansas.  Of  the  various  tributaries  of  the  Arkan- 
as,  those  which  enter  the  stream  above  Pueblo  may  l>e  classed  as 
nountain  streams,  while  those  entering  below  that  city  have  more  of 
he  nature  of  streams  of  the  plains,  although  several  of  them,  as  the 
iuerfano,  the  Apishapa,  and  the  Purgatory,  head  in  the  mountains.^ 
^s  is  the  case  in  the  South  Platte  drainage,  the  mountain  streamn  are 
Mrennial  in  nature,  although  there  is  a  very  high  stage  in  the  spring 
knd  early  sunmier  and  a  very  low  stage  in  the  fall  and  winter.  The 
>lains  streams  are  nearly  always  dry,  except  after  storms  and  for  com- 
Ntratively  short  distances  near  their  heads,  where  the  water  is  gen- 
erally used  for  irrigation.  Although  by  far  the  greater  portion  of 
he  water  of  the  Arkansas  is  used,  there  are  still  opportunities  for 
rt;orage,  especially  along  some  of  the  plains  streams.  If  water  is  to 
>e  stored,  however,  such  canals  must  be  constructed  as  will  safely 
livert  great  quantities  of  water  for  short  durations  of  time,  and  convey 
Jiem  to  large  reservoirs  in  the  plains,  where  there  are  many  sinks  or 
lepressions  available.     A  number  of  reservoirs  have  been  segregated 

oFor  map  gee  PI.  I  In  Part  II  of  Fourth  and  Seventh  and  PI.  11  in  Part  II  of  Fifth  Biennial 
itepoitfi  of  State  Engineers. 

frFor  map  see  PI.  I  in  I'art  II  of  Fourth  and  Si>venth  and  PI.  IV  in  Part  If  of  Fifth  Biennial 
Eteportf)  of  State  Engineera. 

cFor  map  lee  Pis.  I  and  IX  of  I'art  II  of  Fourth  and  Seventh  and  PI.  IV  in  Part  II  of  Fifth 
Biennial  Reports  of  State  Engineora. 

dFor  map  eee  PI,  I  in  Part  II  of  Fourth  and  Seventh  Biennial  Reporti<  of  State  Engincera. 

« For  map  see  Pis.  I  and  XI  in  Part  II  of  Fourth  and  Seventli  and  PI.  IV  in  I*art  II  f>r  Fifth 
Biennial  Beporta  of  State  Engineer. 

/For  map  see  Pis.  I  and  XII  in  Part  II  of  Fourth  and  Seventh  and  PI.  IV  in  Part  II  of  Fifth 
Biennial  Reports  of  State  Engineers. 

96eepag»d9, 

*ror  Utoroagh  iDveetigation  of  the  plains  region  see  BeventoonUi  Xxwlraa\'^V(3{t^.\^.^.v^ft^^a^£kn^ 
tn'ex0  Hutu,  p.  667. 
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ill  tliJM  liasiii  Ii\  till-  (rciieral  Govprimi(Mit,  hut  no  can-ful  sunrv* 
have;  bix^'n  iimdi-  uf  any  of  lh<.>Tii,  cxceplini;  a  few  at  tho  head  of  Ik 
Arkantuui."  The  prtn<^i[ttil  I'RM^rvuirM  of  thU  divu^ioti  how  tu  um'hit 
Twin  Lakes"  rtwervoir  («■(?  figs,  H.  S.  and  4),  which  la  being  iii*d  bv 
the  'I'win  I^ke»  Land  and  Water  Company,  and  the  re«ier\'oirs  of  tin- 
On'ut  Plains  WaU'r  tVjmiwny,  the  lattor  Iwing  locitted  atmut  12  mike 
north  of  I^Riar  in  groat  natural  doprenHions*'  (wet*  lig.  fi). 

Th«  agricidtiiri-  of  the  ArkaiiKtu>  llivtT,  a«  wp|]  an  of  the  Saiitii 
Platte,  in  exceedingly  varied,  on  the  upper  portions  only  luiy  nml 
grain  being  eultivaU'd,  wiiik-  throughout  ]U  middle  and  lower  courx^ 
fruit  is  ejctensively  raised,  and  lower  down  melons,  sugar  \yeeU.  auii 
alfalfa  are  among  the  tttaples.  Ilor^ie,  tattle,  and  Mbecp  mitiiiig  uc 
extensively  prauticcd  throughout  the  division. 

STBKAU    MKAHirRKMEKTIi. 

Stations  have  liei-ti  iiiaintuirii^d  iifMin  the  main  sin-ain  and  itfltrilm* 
taries  in  the  divisifm  for  longer  or  shortf^r  periods  of  time  at  Twin 
Ijilce>,  firanite.  Siilidsi,  Canyon.  I'lieltln.  Nepostn,  Munzanoln.  Kwkv- 


ford,  l^a  .linitu.  I^s  Animus,  Prowers,  Ijamar.  Granada,  upon  the 
main  stream,  and  at  Trinidad,  J.  J.  ranch,  and  Las  Animaa  on  the  j 
Purgatory.  Of  the  stations  named  those  at  Manzanola.  La  Junta. 
Las  Animas,  and  (iranada  are  unimportant,  so  far  as  this  coinpilatjeii 
is  concerned,  as  the  results  obtained  have  not  !x;en  of  siiflieient  w\w 
to  warrant  the  deduction  of  any  conclusions  from  them.  Those  »t 
J.  J.  ranch  and  Las  Animas  on  the  Purgatory  are  also  omitted  fer 
the  same  reason.  The  measurements  made  at  these  point^i,  however, 
will  be  found  in  the  list  of  miscellaneous  measurements  {p.  !I9}. 

aSee  Annunl  Keporla  I'.  S.  ai'ological  Burvay:  Tciilh,  Pvt  II,  p.  M;  Klovoiiih,  ttirl  II.  n  m 
Twelfth,  Pari  II.  ji.M;  ThlrtcentU,  P«rt  UI,l>p.  saa-STO;  Twentielti,  Psrt  lV,p.  HI, 

frBce  ADQtuI  ReportoD.  S.  OeoloKlcol  Survey;  Tenth,  1-Hit  II.  p.  V,;  Elerenlb.  Put  11.  p^  Uh 
Ttalite«iith.  Pan  III.  pp.  Se&  and  MO;  Nineleentb.  Part  IV.  p.  3lti:  Twentieth.  Fan  IV,  p.  tO,  ud 
Twenty-flTrt,  Port  IV,  p.  MS. 

■Sot  ddcrfptlaDiieBBeponalait  died;  aim  Twi'nty-llTsI  Annual  Repnn,  Put  IV.  p.  MO. 


NORTH  OF   LkWkR, 
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LAZE   CRM>K    AT  TWIN    LAKBB. 

liake  Creek  enters  the  Arkanttae  a  short  distance  above  the  town  <if 
ranite.  It  id  not  a  larf^  stream,  but  it  is  of  (.-onaiderable  importance 
wing  to  the  fact  that  within  its  basin  lie  the  Twin  Laketi,  used  as  reser- 
>ini  by  the  Twin  LakcD  Land  and  Water  Company.  No  r^^lar  ineoci- 
rementfi  have  been  maintained  upon  thi^  »tream.  those  that  are  given 
sing  derived  from  various  source^i  and  made  in  various  places.  The 
i-esent  stations  are  two  in  number,  one  iM^twecn  the  two  Iiikcs.  known  as 


Fig.  8.— LoiigltndlDalncUonUiioucbgMc«.d«m,  VHlculTvnuITwiD  Lakes  reaervolr. 


telnterlaken  Station,  and  one  below  the  lowerlake,  known  as  the  Lower 
"Win  Lakes  Station.  Measurements  may  be  made  at  either  station  at  low 
ater  by  wading,  but  at  high  water  ad%'aiit^^  may  be  taken  of  bridges 
>nNtruet«d  across  the  stream.  The  channel  at  the  Interlaken  station  is 
t^od,  but  this  station  must  necessarily  be  abandoned  as  soon  as  the  water 
-  raised  above  what  was  the  highwater  mnrk  Itefore  the  construction  of 
>e  dam  dest^ribed  in  the  Twenty -first  Anniiiil  Report,  Part  l\.     Al  the 


m.  4.-<:ru*  H.-, 


wer  station  the  channel  is  nnky.  but  fairly  permanent  in  its  nnmre. 
id  the  banks  are  high  and  not  liable  to  overflow. 
The  importance  of  the  stjitions  liej*  in  the  facts  that  the  data  obtained 
ill  furnish  information  concerning  uvailaltle  power  and  will  be  of 
pecial  value  in  deteniiining  the  amount  <if  water  to  which  the  Twin 
tkes  I^and  and  Water  Company  is  entitled  at  its  head  gates.  The 
iters  of  this  stream  are  also  largely'  used  in  placer  mining. " 

For  Dxire  detailed  dais  coutemlng  iheiie  ■talloiia.  tvn  Tenth  BlcnuUl  Report  ol  th«  Stale  Kiwl- 
«■  of  ColondD.  p.  28S.  and  piililIuatlon«  ol  the  V.  B.  GcoloRi™!  Survey,  u  follown:  Seventh  Annual 
port,  Put  II.  pp.  47  and  K,  IVulIlh,  Part  II,  PI.  LXVI,  opposite  p.  240;  Twcnlr-flrnt,  I^rt  IV 
"    ~'  '      ~       't  aiwl  IrrtSMlon  mpcn  No.  37,  p.  2M-,  tla.t»,V.4ta-.uk&^o.V),>%Il. 
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[ Altttnde,  9,012  feet;  diminage  wea  below  both  Uke*.  109  BquAre  mllw.] 


Month. 


e  21  to  90 


Diichaiie  In  noond-f eet. 


Run-off. 


lUzl- 

Bum* 


667 
088 


ber  I  to  11 
y  22  to  31 


Ifini- 
niani. 


Meui. 


Total  in  acre- 
feet. 


870 
230 


182 


ber  1  to  8 


40 


847 
454 
381 
1»4 
206 
119 
35 


50,519 

27,915 

23,427 

11,543 

4,086 

7,317 

555 


Second- 
feet  per 
Hquaro 
mile. 


7.79 
4.17 
3.50 
1.78 
1.89 
1.09 
.32 


Depth  in 
inches. 


8.09 
4.81 
4.04 
1.99 

.79 
1.26 

.10 


1»9. 


y  17 

•     12 
.  ^%99. 
,^»*^  21 

^y  17 

*^^    12 
.    ^DOO. 

^y    9 

'^ly    16 

1900. 
^^ly    10 
^^ly    18 

^.      3 

pt     4 

1899. 
*tUie   21 

^Uly 
July 
Aug. 
Oct. 

1900. 
July  10 
July  16 
July  18 
July  18 
July    18 

Aujr.    n 
Hept     4  J 


27 
17 
24 
14 
13 


IHadtarffe  meantremenit  made  on  Ijoke  CYeek  at  T\mn  Lakes, 


Hjrdrogiapher. 

Oace 
hel^t 

A.  L.  Fellows 

Feet. 
2.80 

do 

1.90 

0. 0.  McBeynoklB 

A.  L.  Fellows 

3.60 
1.90 

do 

1.40 

A.  L.  Fellows 

1.70 

0. 0.  McReynoldfl 

A.  L.  Fellows 

1.00 
.85 

do 

.50 

0. 0.  McReynolds 

C.  W.Beach 

.25 
.15 

0. 0.  McReynolds 

do 

3.80 
3.20 

A.  L.  Fellows 

2.55 

0. 0.  McReynolds 

do 

A.  L.  Fellows 

2.50 
2.50 

A.  L.  Fellows 

2.50 

0. 0.  McReynolds 

A.  L.  Fellows 

2.40 
2.35 

do 

2.50 

do 

1.97 

0. 0.  McReynolds 

aW.Beach 

2.  l.S 
1.30 

RemarkH. 


1,007 

374 

42 

203 
146 

248 

122 

52 

25 

1,208 
696 
391 
:i44 
183 
22 

193 
245 
210 
260 
118 
15iS 
25> 


At  old  station  No.  1.  (Sta- 
tion in  channel  above  up- 
per laka) 


At  old  station  No.  2.  (Sta- 
tion at  brid^  over  chan- 
nel between  lakes.) 


Interlaken  Station.  (Station 
at  head  of  (channel  between 
lakes. ) 


Old  station  No.  3.  (Station 
at  head  of  channel  dis- 
chaiiging  from  lower  lake. ) 


\ 


Lower  Twin  Lakes  Station. 
(Station  Inflow  junction  of 
old  channel  and  new  cut 
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ABKAinUB  BlVn  AT  OBAlTin 


This  station  was  located  at  the  wagon  bridge  across  the  AikuMi 
Granite,  measurements  being  made  from  this  bridge.    The  resoltii 
not  of  great  value,  owing  to  the  extremely  changeable  natan  of 
channel,  which  lies  in  beds  of  bowlders  and  gravel  and  shifti 
stantly.    For  that  reason  measurements  and  records  have  not 
kept  up  closely.    The  present  condition  of  the  channel  seems  ti 
somewhat  more  stable,  however,  and  the  station  may  be 
It  is  important  from  the  fact  that  the  discharge  of  the  entin 
portion  of  the  Arkansas,  which  is  of  the  most  value  for  the 
ment  of  power  and  for  placer  mining,  may  be  learned  from  Ae 
obtained  at  this  point.' 


EtUmaied  monihljf  dimharge  ofArtanmu  Riter  4d  Granile. 
[Altttade,  8,no  feet;  draliuwe  atm,  495  aqnue  mllflB.] 


DiMharge  In  aeoond-fect 


Ifonth. 


llAZi- 

mum. 


1H97. 

May 2,068 

June 2,  162 

July \,(m\ 

August 546 

SeptembtT IViO 

October 114 

November 

December 


1898. 


August 

Septeml>er. 


151 


Mini- 
mum. 


268 
923 
444 
176 
114 
114 


75 

8 


Mean. 


1,109 
1,459 

719  i 
;i')0  ■ 
169  • 
114 
^115 
''115 

113 
45 


Toll]  in 
feet. 


6S,190 

86,817 

44,209 

21,520 

10,057 

7,009 

6,843 

7,071 

6,948 
2,678 


feet  per 

tqfM 
Bule. 


2.61 

3.43 

1.69 
.82 
.40 
.271 
.27 
.27 

.27 

.11 


li 

It 

\M 

M 

.SI 

.9 
.SI 


It 


u  For  more  detailed  information  contHsmiDg  this  station  see  Biennial  Reporta  of  the  State 
of  Colorado:  Eighth,  p.  481;  Ninth,  p.  359;  Tenth,  p.  296.  Also  publications  U.  &  Geological 
Eleventh  Annual  Report,  Part  II,  pp.  47  and  96;  Nineteenth,  Part  IV,  p.  858;  Twentieth,  Fart  IT.^ 
880;  Water-supply  and  IrriRation  Papers.  No.  16,  p.  117;  No.  28,  pp.  110,  116,  and  117:  No.  ^,  p.  A 
No.  89,  p.  449.    AIm),  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  U.  Newell,  p.  Mi 

b  Approximate. 


wOWI.] 
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DUcharge  measuremetUs  made  on  Arkanmu  River  cU  Ortmite. 


»ate. 

Hydragmpher. 

Gage 
height. 

S95. 

y    3 

t.  26 

A.  P.  DaviM 

0.50 
3.10 

3.20 
4.20 
4.90 
4.60 
3.  75 
3.20 
3.10 
3.00 

3.50 
3.40 
3.30 

5.00 
2.80 
1.60 

do 

697. 

r.    17 
• 

C.  C.  Babb 

y    8 
y  18 

le  29 

F.  CoKswell 

do 

do 

y  27 
R.  31 
»t.  27 

do 

do 

do 

V.     6 

do 

1898. 
y   30 
g.  26 
H    26 

A.  I-u  Fellows 

do 

do 

899. 
y   25 
y   15 
.    14 

do 

do 

do 

900. 
V     9 

do 

» 

Dis- 
charge. 


Sec-fl. 
1,065 
215 

120 
940 
1,236 
1,151 
415 
206 
203 
153 

151 

112 

75 

1,476 

i;i78 

130 

570 


AKKANHAH    RIVBK    AT   HALIDA. 


This  station  is  located  at  the  footbridge  near  the  railroad  .shops  at 
ida.     It  was  established  April    11,  1895,  and  has  been  maintained 

a  portion  of  each  year  since  tliat  time.  The  gage  rod  has  been 
bened  to  the  north  side  of  the  footbridge,  but  considerable  difli- 
ty  has  >>een  experienced  owing  to  the  fact  that  ice  and  logs  con- 
ntl}-  interfere  with  the  rod,  three  new  rods  having  been  required  in 
•0.     The  banks  are  high  and  are  not  subject  to  overflow,  but  there 

large  bowlders  in  the  stream  which  interfere  with  the  accuracy  of 

results  of  measurements. 

?he  importance  of  the  maintenance  of  the  station  lies  in  the 
omiation  furnished  as  to  the  time  recjuired  for  water  to  flow  from 
inite  to  Salida  and  again  from  Salida  to  Canyon,  this  question 
''ing  a  bearing  upon  tlie  distribution  of  the  use  of  the  watc^r  turned 
,  from  Twin  Lakes;  and  it  is,  moreover,  valuable  from  the  point  of 
w  that  it  is  extremely  probable  that  the  entire  discharge  of  the 
kansas  at  this  point  may  eventually  b(»  us(»d  for  power  purposes  in 

Grand  Canyon  of  the  Arkansas.  "* 

'or  more  detailed  luformatlon  c<ni<"cminjf  this  Htntioii,  see  Biennial  Reports  of  the  State  Engi- 
8  of  Colorado:  Eighth,  p.  4iV);  Ninth,  p.  361;  Tenth,  p.  298.     Altto  publications  U.  8.  Geological 
ey:  Eighteenth  Annual  Rejiort,  Part  IV,  p.  224;  Nineteenth,  Part  I V,  p.  3A5;  Twentieth,  Part  IV, 
1,  Twenty-flret,  Part  IV,  p.  230.    Bulletin  No.  140,  p.  155;  Water-Suv»v»ly  and  ltTlvw.v^<>^  V^\«:t^.V.^. 
.  118;  No.  28,  pp.  110  116,  aiul  117;  So.  37,  p.  258;  No.  39,  p.Afft;  fti\eLli;o.«i,V."5a2..     N\>»  x^vst^^vso. 
culture  bylrrigaiioB,  Eleventh  Cennus,  by  F.  H.Newe\\«  p.  104. 
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fMmMniiii  dMiarge  and  amage  nanif  of  Arkantaa  Rker  at  Salidafor 
that  pcHion  of  eath  year  e(wered  by  records 


>«te. 


3t  27 

1806. 
ly   26 

be  24 
pt  29 
1    27 

1897. 
w.  17 
)r.  27 
ly  8 
ly  30 
ne  29 


27 
31 


pt   27 

.V.     6 

L898. 
►r.    27 
ly    20 
tie  25 


ly 
t 


29 
26 
26 


DiiehAige. 

Run*off. 

Year. 

1 
Ifinlmum.                         Mazimain. 

Depth  In 
IncheH. 

Second- 
feet  per 

Dftte. 

1 
Amoant. 

May    14 

May    31 
Aug.     2 
June  20 
June     1 

Amount. 

square 
mile. 

* 

Oct     13 
Oct      4 
Oct      7 
Sept  28 
Apr.    14 

8ee.'JL 
402 

2,462 
2,910 
428 
3,900 
3,633 

0.99 
.91 
.23 
.92 
.74 

0.89 

820 

100 

240 

65 

.82 

.21 

.83 

■ 

.67 

Diacharye  meoiuremenU  made  on  Arkan»a$  River  at  Salida. 


Hydrogiapher. 


G««e 
height. 


A.  P.  Davis. 

T.  Cogswell. 

do 

do 

do.... 


JI\kL 

0.60 


3.10 

1.40 

1.00 

.80 


C.  C.  Babb  . 
F.  Cogswell. 

do 

do 

do' 

do 

do 

do 

do 


A.  L.  Fellowfl. 
...:do 


do 
.do 
.do 
.do 


Dl8- 

charge. 


See,-JL 
463 


«2,023 
638 
352 
317 


.69 

219 

1.55 

709 

2.20 

1,178 

4.a5 

2, 821 

2.50 

1,492 

1.35 

606 

.85 

371 

1.00 

405 

.90 

378 

1.10 

480 

8.10 

445 

'^.  10 

2,  :«2 

1.25 

568 

.90 

360 

.80 

222 

«  Approximate;  mettT  out  of  order. 
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WATKR    RESOURCKS    OF    COLORADO. 


Is,: 


lUiU'hnnff  mt-mmrfmeulM  mailf  nn  Arhttunttt  Hivrr  nt  Sufitifi — OmtimietL 


I>Hti>. 

A. 
A. 

L.    FVllnWH... 

Hyili 

n»KrHi»hL*r. 

- 

height. 

cktm. 

iwni. 

Apr.    2*\ 
Mav    2.*) 

1.71' 

!         3.10 

2.40 

.80 

...lo 

l,«tl 

• 

Jiilv     14 

..,!.. 

•     IM 

• 

Nov.     IH 

.  .ilo 

3i: 

ItKH), 

Mar.    I'l 

L.    I'\»ll(»\\h.  .  . 

.90 
4.80 
'1.0B 
.87i 

51 

Jxinv    14 
Aujr.     s 
Aiijr.    2'2 

...!m 

..ih^ 

.  .<ln 

«•*«•*«••«•• 

3,031 
443 

9M 

\KKANSAS    KIVKK    \T  TANYOS. 


Tills  Station  is  ItN-att'd  nrar  tho  Hot  Springs  Hotel,  1^  miles  west  of 
Canyon.  an<l  si  short  ilistaiifM*  Inflow  the  mouth  of  Grape  Creek  (^ 
PI.  VII).  It  was  4»stahlisliod  in  tho  year  1889,  and  records  havelx^cn 
kept  up  over  sinro  tliat  tiino.  ttius  furnishing  a  nioHt  valuable  table  of 
dis<*har^o  of  the  Arkansas  Uiver.  The  station  is  of  particular  impor- 
tanro  as  it  is  Iocat<'d  at  the  mouth  of  the  canyon  and  aliove  pmetically 
all  the  irripitintr  (lit<'he»-  exeeptinjr  the  Canyon  diti*h  and  the  South 
Canyon  ditch,  wlii^'h  draw  their  supplies  at  short  distances  aliove the 
sttition.  Kacli  of  these  <-arries  from  a  V(»ry  few  feet  up  to  00  eiihif 
feet  ])er  >eeond.  a('('ordin»r  to  need  durinjr  the  irrigation  season. 

The  ta])le  does  not  incliuh*  tin*  amounts  earried  b^*  the  canals  and 
their  How  should  l»e  added  to  the  discharge  of  the  river  at  the  station 
in  order  to  <^v\  tiie  total  run-oH'  at  the  mouth  of  the  canyon.  The 
channel  is  fairly  constant.  chan(,nn(<f  hut  little  during  the  entire  time 
that  the  station  has  heen  maintained.  The  ])anks  are  hif^h  and  not 
subject  to  overflow." 


"For  iniiri>  dcltiiU'il  diitu  miirtTiiinK'  \h\s  ^tn\u>u.  mv  Uirnniul  KopiirtM  of  the  State  fflH.?*"""^ 
('••hmido:  Foiirili.  I'iirt  1.  p.  i<.!.  an<l  I'nrt  11.  I'l.  XVI:  Kifili.  Part  I.  {>]>.  21  Hnd  38,  and  PUtlLFI.  X: 
Sixtli.  i»p.  19aiiilLM;  Si>vi>iith,  pp.  Kh'.aml  KU;  Ki^'liih.  ]>.  171:  Xintli,  ii.363;  Tenth.  p.SOO.  AtopoMi- 
(•«ti(»ns  r.  S.  (;iH)h(j;iral  Survey:  Klcvciiili  Aiinual  K«iH.rt.  I'art  II,  p.  97;  Twelfth,  Fart  II,  ppuMBADd 
:ll'.»:  ThiniTiilh.  rnrt  III,  pp.  I'J  ami  :;«»:'>;  Fourt.H-iiih.  Tart  II.  p.  lOtJ:  Eighteenth.  Part  IV,  p. -'•: 
Niiirt»M-inh.  Part  IV.  ]..  :i.V.:  Twniiiftli.  Part  IV.  p.  :::?l:  Turnty-Hrst.  Part  IV,  p.  231:  BoUctilB.  N"- 
l:U.  p.  :i.'i;  No.  110,  I-.  I'H'i;  WaliT-Snyiply  ami  Irrik'ation  Papfis,  No.  II.  p.  60;  No.  Ift,  p.  119;  No.S&H'- 
110.  nr,.  aii«l  117;  N.i.  M,  p.  ■_•'.>:  Nn.  :v.>.  p.  »'.<•:  No.  ■"»«).  p.  :?j:i.  Alsti,  Report  on  A^calton  by  Inip^ - 
lion.  Klovrnih  Census  l»y  F.  II.  Nvw«.ll,  p.  IIJ. 
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B      OIVERTING   DAM   ON   ARKANSAS   RIVER  AT  CAN' 
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WATIB  BUODBOB  OV  OOEABAim. 


n 


i 


Mojnwtum  and  mimmnm  diadmrge  wnd  fffrwjtf 

that  portkm  of  eatk  ffeat 


DtaekamB. 

toMd* 

Y«r. 

MlnlB 

QB. 

Amoant 

lU^.. 

PBjpglfc 

Ml 

Date. 

A.»t 

i5 

fitC»yl* 

*e.^ 

1888 

Sept  28 

420 

June  19 

2p780 

S.80 

1 

1899 

Oct.     12 

190 

Aug.     9 

2.«» 

L9I 

1890 

Jan.    14 

180 

Hay   28 

Sy2f70 

188 

- 

1891 

Jan.    11 

825 

June  -IS 

4.  MO 

449 

1892 

Jan.    15 

316 

June  25 

4.780 

S.fl5 

1893 

Aug. 

200 

June 

4,750 

3.80 

1894 

Oct. 

245 

June 

4,400 

3.74 

1895 

Dec.    16 

256 

June  11 

2,568 

m 

■ 

1898 

Nov.   28 

124 

Aug.  30 

2,8(76 

141 

1897 

1  Apr.    10 

108 

June    4 

3,452 

Itt 

1898 

1  Oct.      3 

160 

Jane  19 

3,246 

184 

1899 

Feb.    18 

160 

Jane  20 

4^432 

198 

1900 

'  Sept.  22 

194 

May    29 

4,251 

150 

«  The  rail-off  given  to  fw  mch  entire  yemr,  ineludliig  estimated  monthe.    DcCitfli 
the  ftuthorltien  cited. 

IHnrharge  meamirewent*  made  on  Arkanms  River  ul  Cfanyon- 


iMte. 


July 

20 

July 

26 

1890. 

Apr. 

1 

Apr. 

2 

Apr. 

H 

Apr. 

28 

May 

1 

May 

2 

May 

2 

May 

23 

June 

5 

June 

12 

June 

14 

June 

19 

June 

23 

June 

27 

June 

30 

July 

9 

Jaly 

12 

Jaly 

16 

Ilydrtifcraphor. 

OMe 
he^t. 

Uoliert  Hi^}K 

'rtnoii --- 

2.25 
3.00 

1.62 
1.70 
1.88 
2.93 
2.73 
2.80 
2.78 
4.77 
4.85 
4.53 

ft 

do 

Kol)ert  KoU 

*rtHon 

do 

do 

. . .  .do 

do 

....do 

do 

...do 

.   . . do 

do 

....do 

4.65 

do 

4.48  ; 

. .   .-do 

4.55 

....  do 

4.55 

do 

4.23 
4.22 
4.05 

....do......... 

do 

do 


\     "^.^lX 
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(MOfamMiifo  made  on  Arkanmts  River  tU  Ouuyan, — (/oiitiaued. 


Bannon. 


Hydrngmpher. 


Newell 
(Jewell 


lavifl 


lavifl 


swell 


abb. 
swell 


'ellows 


'ellowH 


'ellowH 


lieJirht. 


fttt. 
3.00 
1.85 

2.45 


Hawlev 


4.20 

2,305 

3.80 

1,940 

4.80 

2,387 

2.65 

305 

2.40 

319 

4.35 

2,434 

4.50 

2,397 

2.70 

585 

2.40 

414 

2.00 

203 

2.05 

251 

2.20 

289 

2.55 

294 

2.20 

260 

3.10 

827 

4.a5 

2,712 

6.25 

3, 071 

3.60 

1,140 

3.a5 

744 

2.UH 

540 

3. 05 

608 

4.  82 

2,8;J0 

3,a5 

611 

2.  (50 

316 

3.20 

611 

4.55 

2,189 

4.50 

2,651 

2.90 

553 

2.55 

306 

2.85 

408 

5.50 

3,235 

2.85 

570 

2.10 

229 

2.10 

205 

Diii- 
cluus«. 


Het,-JL 
328 

291 


^■^ 


WATKK    RKSnUHrKS   OF    C*<iLOKAIM». 


\UK\Ns\<>.    KIVKK     \T    I'lKlllJ). 


'I'ln-  lir^t  HM'nnU  nf  tin*  ilist-harir*'  «>f  Arkaiisiis  Kivor  in  tho  vifioilT 
(if  l'ih>l>l<i  iiH'  f(ir  tlic  inoiitli'^  (if  Mav  and  •Fiiiio.  Is(>f>.  From  thhtim 
until  Au^ru^t.  1^M».  ri'ror(|>  wwr  ki'pt  iinwv  or  less  im*j»"ularlyali| 
I H  tint  ni':ii-  the  nmiitli  of  tli«*  can  von.  aiNuit  1*  milos  a]K)vt*  the  chj 
i»f  l*u«'l)l().  N(»  i»tlh'r  records  were  kept  in  this  vioinity  UDdj 
S(*ptcnilHr.  ivjt.  whrii  the  station  wtis  nd(K*iittHl  in  the  city  c(i 
IMiclilo.  A-^  <iid\  one  iar^rp  ditch,  the  I^'ssciiier  i^nal,  takes  mter 
from  the  ri\i'r  in  i)iMri<-t  No.  14,  in  which  Puehio  \»  Hituated. the 
>tiitifin  an>wer>  aihninililv  for  assisting  in  the  distribution  of  the 
water>  of  that  di^*tril't.  (>win«r.  however,  to  the  chan|^8  in  thechu- 
nel.  tile  collet  met  ion  of  >ide  walU.  and  the  removal  of  adamintbr 
lower  part  of  tin*  city,  it  iia>  heen  necesssiry*  to  changne  the  location  of 
the  rod  frmn  time  to  time.  Tp  to  the  fall  of  1SS)8  the  records  of 
ira<r<'  lH>iirht>  w<>re  taken  from  a  rod  situated  at  the  north  end  of  tbe 
Santa  Fe  avenue  )irid<^e:  at  that  time,  however,  another  rod  va$ 
plaet-d  at  the  MUith  iMid  of  the  Main  street  hrid^*.  and  in  March.  !*•"*'. 
another  roil  wa*o  plaetMl  at  a  ]M)int  a  >hurt  distance  liehjw  the  south  ond 
of  tin'  I'nion  avenue  hrid^re.  This  is  the  nnl  used  at  presiMit.  The* 
chanjfe^in  loeati<ni  have.  in»wever.  no  material  Unirincr  u]x>n  thcartua! 
diM-lunj^i'.  as  mea>urenh'nt>  have  Immmi  taken  fre<juently  and  th est*  sta- 
tion^ are  praetiraily  one.  heinir  locate<l  in  the  same  lon^f  stivtch  «'f 
clear.  njM'ii  rjisinnei.  wiiii  no  inlh»\v.  and  havin^r  hi<»'h  retaining  Icviv- 
cnii«*l  rinti'<l  l»y  I  lie  eit\.  <Se«'  1*1.  \'II.  /* . )  The  channel  at  prc^^nt 
i«*  prnli:il»|\  tin-  lir^t  in  the  State,  althtiu^i'li  it  tills  to  some  extent  at  l<>v 
water  Mini  -j-niir-  t)ut  atiain  at  hiL'"h  '-taL'"c>.  M<*asiirein(»nts  are  nsimllv 
made  t'rnm  the  Main  -treet  l»ridLre,  l>nt  mav  he  made  hv  wadiiiif  at 
low   water. 

In  e()ni|)arinL:'  the  ta)ile<«  it  ^imnld  l)e  home  in  mind  that  the  ivcopi^ 
fur  I^>.".to  l^"^l♦.  int  ln^i\  «•.  are  for  a  point  about  t*  niil<*.s  alxivc  tk' 
station  t'ur  tiie  later  \  ear-*,  and  that  enn^idenilde  water  is  takeiMUit 
iM'twt'i'H  tile  two  jMjint^.  Mt>reo\er.  much  h'>s  water  was  used  on  thf 
hi^ln'r  n*aehe>  nt'  tiie>tieani  piiorto  l^NlMhan  since*  that  time.  s<.)  that 
praetieally  tin-  two  -tation^  JM-ar  lilth*  relationship  to  each  othiT. 
Tliey  an*.  howe\er.  jjiven  toiretliei*  for  advantaj^e  in  eompari^en. 
Mea>urenient"-  of  tin-  watir  ie\el  are  j^i-pt  u|»  re<rularly  by  t  lie  office  <.»f 
the  cits  en'jineer  of  Puelijo.  and  it  is  t«)  tiii^otlice  that  we  are  indehti'^1 
for  a  lariie  j)rt»portion  of  tin'  rerortl-  !.ii\en  in  tlie  tahles. 

Tlii^  elation  is  <»!'  j)arti<iilar  itnporlanee.  for.  heinj;  n<'ar  tlie  head  "f 
one  of  tlie  \i\n<{  important  di-^triet^  and  al>o  near  the  head<pnirter>  <^f 
the  >u]>eiinti'n(|eiit  of  tile  Ari^ansi-  divi-i»»n.  it  is  of  use  in  as<'ertain- 
intr  tin*  disrliar<^e  of  tin*  rivir  w  itli  refen-nt  e  to  lln^  ])roper  distri!»ution 
of  till*  wati-r  amoiiM->t  e(Misunn'r>>.  It  is  furliu'i*  important  because  I Ii«' 
n Vi  fc 7  s  o i'  ( ] J  e  A  r k  a  n  "il >  u  V  e  \  >e  \ \\o^  \\>v - v\  ww  >y v  wwCV  w\v>v vj.  \vn\  >^>v;  v  v  .  a  i :  <  i 


ARKANSAS  RIVER  NEAR  ROCKVFORD. 
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^  sarplus,  whenever  there  is  any,  is  being  stored  in  large  reservoirs, 
hich  there  are  several  important  ones  in  the  vicinity  of  Pueblo.^ 

Ditduxrffe  of  Artanmu  River  <U  eanjfon  abave  PuMi^  1885  to  1889,  ifuiutiet. 


Month. 


ins. 


I,0d9 
3,187 


fe^ember. 


1881 


Sre.'/L 
3,046 
5,569 
1,724 
1,481 
1,372 


1887. 


See.-JI. 


3,  477 
3,352 
1,717 
1,129 


1880. 

Sre.-JI, 

1,300 

2,108 

766 

668 


Average. 


See.-fl. 
1,806 
3,585 
1,947 
1,289 
1,250 


more  detailed  data  oonoerniiig  thii  itation,  tee  Biennial  Reporta  of  the  State  Engineen  of 
Ando:  Third,  pp.  168  to  174;  Fborth,  Put  I.  p.  82,  and  Part  II,  PI.  XVI;  Eighth,  p.  468;  Ninth,  p.  866; 
(Sh,  p.  804.  Also  poblicatlons  U.  8.  Geological  Survey:  Eleventh  Annual  Report,  Part  II,  pp.  48 
I  08;  Eighteenth,  Part  IV,  p.  227;  Nineteenth,  Part  IV.  p.  &'>7:  Twentieth,  Part  IV.  p.  336;  Twenty- 
;^  Fart  IV.  p.  232;  Bulletin  No.  140.  p.  158;  Water-Supply  and  Irrigation  Papcn,  No.  11.  p.  61; 
li,  p.  120:  No.  28.  pp.  111.  116.  and  117;  No.  87.  p.  'IM,  No.  39,  p.  450;  No.  50.  p.  326.  Also  Report 
Agriculture  by  Irrigation,  Eleventh  Censun,  by  ¥.  H.  Newell,  p.  126. 
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smiiii  €md  minimum  diaeharge  and  arerage  run-€^  of  Arkanmu  Rkier  at  PuMtfar 

that  portion  of  each  year  covered  by  reeord$» 


Ye«r. 


BiaehAise. 

Rvmollj* 

Mtnlmum.           : 

MazI 

Date. 

June    13  1 
Aug.    18  • 
June     2  '■ 
July    13 
June  20  ; 
June     2  ; 

mum. 
Amoant. 

1 

Depth  In 
Inches. 

Second- 
feet  per 

Diite. 

Amoant.  | 

See.'Jt. 
256 
203 
146 
31 
160 
134 

square 
mile. 

:  Dec.  26 
Aug.  10 
Mar.  13 
Oct.      6 

[  Sept.  13 
Sept     1 

Sre.'ft. 
2,588 
3,428 
3,750 
5,385 
4,891 
6,980 

2.72 
1.54 
1.98 
1.82 
2.73 
1        2.80 

0.20 
.11 
.14 
,13 
.20 
.21 

%»  nm-off  flTen  la  for  each  year  entire,  includingr  estimated  monthit;  the  diaeharge  given  is  for 
kC^  months,  and  the  totals  for  an  average  year,  as  calcnlatod  from  all  observations  and  estimates. 
la  may  he  found  In  the  authorities  cited. 

Diaeharge  meaaurementa  made  <m  Arkanaaa  River  at  Puefdo. 


mXe. 


.    24 

b.  19 
13 


»«5. 


r 
e 


6 
20 
3 
4 
4 
11 
5 


Hydrographer. 


P.  J.  Preston 
A.  P.  Davis.. 
do 


^96. 
r.  22 
•.     8 
27 


y 

le 

y 

y 
?. 
?• 

?• 

it. 


5 
10 
30 
18 
19 
19 
16 
30 
13 


.\.  P.  Davis, 

do 

do 

do 

do 

do 

F.  Cogswell, 

F.  Ck)g8well. 

do..... 

do 

do 

do 

do 

do 

do 

do 

do 

do 

G.  C.  Babl) . 


3agc 
eight. 

Dis- 
charge. 

Beet, 

Sec.fL 

a 

322 

0.35 

378 

.:» 

370 

.40 

411 

1.65 

1,435 

'' 

2,261 

f 

1,973 

a 

2,022 

2.80 

2,758 

.70 

570 

.50 

470 

l.:50 

1,016 

2.00 

1,682 

1.65 

1,403 

.30 

.335 

.50 

510 

'.00 

203 

.85 

5:« 

10.00 

16,500 

.:x) 

294 

.35 

320 

.31 

298 

Measurement  made  at  Main  Struct  hridgi*. 

Measurement  made  at  Swallows. 

if  casuremcnis  made-at  Bridge  No.  3.  section  4. 

dcasuiements  nukdv  at  Bridge  l.Vi  B. 

ppmxinmte  egtimate  of  flood  at  12  m.  night  of  AiigiiKi  \ft.  \«»,    K  \uftx\Tnx«aN*\w^\Vs  vA 

Hvad  ira<  obtained  by  means  of  floats. 


\\\^««^ 
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Ditrharffe  meamiremfniM  made  on  Arbmtat  Bmr  ai  AiiftAH-GoiitiBiwd. 


Dttte. 


1807. 

Apr.  16 

May  6 

3lmy  21 

Jnne  18 

Jaly  16 

Aag.  10 

QepL  8 

Sept  28 

Nov.  4 

IcWo. 

Apr.  5 

Apr.  29 

May  5 

May  30 

June  3 

Jnne  9 

Jane  14 

July  8 

July  26 


liydnign^dwr. 


C.  C.  Babb.. 
F.  Cogswell.. 

do 

do 

do 

do 

P.  J.  Preston 

do 

F.  Cogswell.. 


P.  J.  Preston  . 
A.  L.  Fellows. 
C.  W.  BeMh. 

do 

do 

A.  I^  Fellows. 
C.W.  Beach.. 

do 

A.  L.  Fellows, 


Julv    28  I  C.  W.  Bewh 


An 


Aug.  2  .. 

Aug.  11     i\n 

Aug.  20  I  ('.  W.  litwli,  R.  W.  Hawley 

Aug.  30     A.  L.  Fellpws 

Oi't.  20     ('.  \V.  Beach 

Oct.  2S>     A.  L.  FellowH 

Nov.  3     r.  W.  li<»a«h 


June  1 7 

July  1 

Julv  8 

• 

Aug.  1 

Aug.  5 

Aug.  14 

Sept.  10 

Sept.  IH 

Oct.  (( 

Nov.  7 


18»9. 
Apr.    27  I  A.  L.  Fell<»ws 

Mav    2(5    <lo 

June     3     C.  W.  Bea<h  . 

do 

<lo 

A.  L.  Fell«)W8 
(\\V.  lieach 

do 
A.  L.  FellowH 

do 
C.  W.  Beath 

do 

A.  L.  FellowH 


GUK 


aao 

1.00 
2.00 
2.55 
1.16 


.10 
.45 
.75 

.27 
.06 


IMfr 


1.W 


.10 

1,144 

1.40 

1.6» 

1.8 

%m 

1.9 

!.« 

1.6S 

l.» 

«.85 

816 

«.81 

74S 

.45 

40 

.50 

468 

.15 

211 

.00 

1S4 

.20 

29Q 

.40 

3» 

.30 

344 

.80 

606 

2.20 

2,221 

2.55 

2,856 

3.60 

4,66S 

2.22 

2,968 

1.61 

2,068 

.72 

1,199 

1.46 

1,938 

1.20 

1,496 

.50 

180 

.10 

388 

.20 

331 

.05 

411 

«Ncw  ifAifv  hmI  at  Main  slnvt. 
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J}uirharge  mfatnirenienO*  made  on  Arkonrnm  Khfr  tU  /'»i*'W'>— <'ontiniicMi. 

"      I  ~ 
Date.  HydniKrupluT. 


1900. 

Mar.  3  A.  I  j.  Fellows 

Mar.  16  do 

Apr.  S  ilo 

Apr.  12  C.  W.  Bc«ch  . 

May  21  tlo 

Juno  \\\  A.L.  FellowB 

July  17  *lo 

July  21  do 

Sept.  8  R.  W.  Hawley 

Pei»t.  o  C\  \V.  Keach  . 

8e|it.  7  A.  L.  Fellows 

Sept.  25  C.  W. Bea<h  . 


ARKANHAK  RIVKK   AT   NKPRMTA. 


helKlit. 

DiK- 
chMixt*. 

hWL 

S*r,-ft, 

2.17 

498 

2. 05 

435 

2.34 

675 

2. 15 

008 

5.  70 

5, 072 

5.  10 

3, 96.3 

2.  50 

751 

2.  25 

58.3 

i.:j5 

153 

1.43 

191 

1.40  ., 

174 

1.H2 

1 

346 

This  station  ih  located  at  the  wagon  liridgo  a  short  distan(*(>  uliove 
the  railroad  station  of  the  Atchison,  Toi)eka  and  Santa  Fo  Railroad 
at  Nepesta,  and  is  maintained  by  thi»  (irroat  Plains  \Vat<M*  Company. 
It  was  established  Septomb(»r  8,  1SI>7,  and  n^cords  havo  been  kept 
during  each  irrigation  season  since  that  time,  only  thosi^  for  1SJ)8, 
1899,  and  1900  being  relialde,  however.  Two  gag<»  rods  are  necessary; 
one  for  use  at  high  and  the  othor  at  low  water.  M(»asurem<»nts  are 
niadc  from  the  wagon  bridge.  Tlu^  channel  is  sandy  and  shifting  and 
frequent  changes  are  necessary  in  the  niting  tjibh*.  The  imjiortance 
of  the  station  is  due  to  the  fact  that  it  is  so  conveniently  locat(Hl  to  the 
railroad  station  that  n»pres<^ntjitives  of  th(»  large  irrigation  canals  uix>n 
the  river  may  readily  keej)  th<»nis(»lvcs  informed  as  to  the  discharge 
and  the  use  of  the  wat<»r  of  th<»  stream." 


oFor  further  Information  (•on<'iTnii)»?  thissiiitlnn.  sec  Bivniiiiil  RoiM»rtMof  tlu'  Stato  En^in^MTS  of 
Colormdo:  Ninth,  p.  870;  Tenth,  |».  :<*»<.  aIh*  puhlicuiions  V.  S.  (ifoloKical  Survey:  Ninotci'nth 
Annual  Report,  Part  IV.  \^  :i5H:  Twi-ntirlh.  I'nrt  IV.  j..  :VJ7:  Tut-nty-tlrsl.  I'nrt  IV.  ]..  '2:X\,  bulletin 
No.  181,  p. 37;  Wator-Supply  ninl  IrriKatum  I'aji  r><.  No.  Hi.  i*.  121;  No.  2s.  pp.  112.  IHi.  and  117;  .\o..37, 
p.  260;  No.  39,  p.  460;  No.  fiO.  p.  3'-»t;.  Als«»  i:rp<irl  on  .\j^'ri«Milturt'  by  IrriKation.  Kh-vontli  <  Vnsiis,  by 
F.  H.  Newell,  p.  124. 


r 


WaXRR  BESorRCES  or  CiOLOHAW>, 

EiiimiiU-l  mimlhly  ilinrharg*  of  Arhiaim*  RtBtr  at  .V>jmia. 
[aIUUkIv.  4.aH  fe«t:  dndnaRe  uea.  9,110  H|iure  mila.] 


DiM^htiKo  In  •Mond-lect. 


1S98. 
May 2.065 


July -t.lSS, 

August W7 

September '  2M 

October j  511 

November 511 


Mav I  B,24fl 

JuQB S,B82 

July I  e,06fl 

August I  B,974 

SeptemUr 28S 

Oi'tolier 3U 

NovetiilxT I  2,  Tfll 


I,11A 
S.108 

i,:tio 


125. 137 
f(0,M!t 

lit,  laa  , 

13.805 
17. 155  I 
21,778  I 


»*6,](B 


May 

July 

August 

September. . 

October 

November . . 


T0,W7 

isa,o«t 
is],mu 

58,844  I 
11,901  I 
14,4 


»1,301 
»27,154 
104,467 
25,048 
I5,5«0 
26,747 


-%«.) 
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IHiirhargf  yietumremenig  made  on  Arkansas  Rirer  at  XejteiUa. 


LtC. 

84. 

31 

1 
*} 

97. 

.     8 

.  :io 

98. 

27 

6 

10 

}     6 

28 

20 

6 

99. 
29 

)        / 

25 
o 


HydKigrapher. 


F.  H.  Newell 

do 

do 


P.  J.  Preeton 
do 

P.  J.  Preston 
C.  W.  Beach. 

do 

do 

do 

do 

do 


A.  L.  Fellows. 
C.  W.  Beach. 

do 

do 

do 


00. 

12     C.  W.  Biwh.. 
.     8  .  R.  W.  Hawlov 


Gaffc 
height. 


l-^tt. 


2.00 
2.34 

2.  55 

3.  05 

4.  25 
3.  43 
3.25 
2.85 


2.93  I 

4.60  j 
4.63 

4.00 
3. 10  [ 
3.  12 

4.;U) 
3.  70  I 


DlR- 

charffo. 


«  30, 000 

12,000 

8,000 

168 
281 


:i60 
746 
1,998 
1,060 
573 
247 
212 

1,810 

i,6:w 

610 
215 
213 

1,101 
146 


•iK8tlmattMl. 


ARKANSAS    KIVKR    AT    RtK'KYKOKI). 


his  station  is  located  iit  the  wji^oii  })ridg'(»  crossing  the  Arkansas 
er.  at  a  point  about  2  miles  northeast  of  the  town  of  Roekvford. 
ras  estaldished  Mav  *l,  18!>7,  bv  Mr.  S.  W.  Cressv,  water  comniis- 
ler  of  district  No.  IT,  having  his  head(|uarters  at  Rockyford.  for 
convenience  and  information  in  distri})uting  the  wat/(»rs  of  his  dis- 
t.  Mr.  Cressv  maintainiKl  this  station  as  lomr  as  he  remained  in 
rge  of  the  office  to  April  7,  ll^OO.  The  river  is  straight  for  a  long 
ance  above  and  ]m»1ow  tin*  i)rido'e,  hut  th<»  chann<d  is  wide  and  the 
is  sjindv  and  verv  shifting,  so  that  few  m<*asurements  wvro  made, 
ults  must  be  consid(M*(Hl  as  approximate." 


»r  more  detailed  information  conccrnlnj?  tills  station,  s(H'  Biennial  Kei><»rtso(  the  State  KnKin<»erR 
lorado:  Ninth,  p.  374;  Tenth,  p.  'MO.     I'ublieutions  U.  S.  Geologienl  Survey:  Ninetci'nth  Annual 
rt>«.  Fart  IV,  p.  SW;  Twentieth,  Part  IV.  i..  'XW;  Twenty-first,  Part  IV,  p.  2*4;  Waler-S^vvwl'i  vcvvX. 
ition  PaiM^rs,  No.  W.  p.  12'J:  \o.  i»s,  p|..  112. 116.  ami  U7;  "So.yi,  v.'KSV.  Y^vx.  -Si,  v.  ^g*^^^^^.'iJ^,v. 
Altitt  Roptyrton  Aifriculture  by  frrJKHtion.  Kleventh  Census, \)y  Y. \\.'Sonn<A\.\».V1\. 
(lertcrlptton  of  Laguim  ChuhI,  in  (his  iliwtriet,  see  Twei\UvVY\  \tv\\\\»v\  \\\iV^^t\.,V>^tV.VN  ,v****-^^- 


^■l  ir«nlli> 


nnlril  ni'Tiilily  itiiB'hltrgr  itj  ArkoHmi*  Hintr  al  Hoetufnnl. 
(Aimnds.  Lin  toA:  AimHaac  mm.,  U.MBxiuu*  inilai.1 


IH97. 
M«y.1l..:H.... 

.'{,20(1  j 

July I    2.0»*  I 

AugiM 1    »,a7fl  I 

108 


October 

November  - 

Deoember'i 

ises. 

Jaiiiiwy 

Febnwrv  20  to  28 . . 
Moith 

May  

June 

July 

August 

September 

October 

November 

December 


1.270 


Tile  year  . . 

lawi. 
March  13lo3l..- 

May 

June !  2,710 

July 3,020 

AugoBt. .1,57(1 

8«pteDiber I  430 

October j  800  ' 

NoveinlKT 3,070  i 

Deccmlwr  1  lo9 190  j 

1901). 

January  10  (o  31 470  ' 

Kebnmry,  1 3  iIhvh 470  ' 

March 4.W 

Aprill  U.T 3.120  j 


,147  ' 

70.W;7 

.S34  1 

10K.130 

r,»>l 

32.216 

ilU 

37.754 

41   ' 

2,44(1 

143 

a.  793 

"4,813  , 
4,lAii  ' 
IK,  618 
12,«74  j 
74,16S 
]:il,8U6  ' 
78,799  i 
IB,  MO  I 
9,S42 
15.128 
31,537 
14,0!0 

398,398 


19,000 
16,3(H 
45,009 

»2,478 
42,  IBl 
»,1(M 


ID.  061 
22,770 
19.922 
7G.  344 


:J 


.oia 


•a 

m 

.M 


n  K\ifmaiaiatJt. 


J 
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Discharge  meatmremei\t»  made  on  ArknriMt^  Hirer  at  Ritchifoni. 


. 

!9 

Hydni^rapher. 

heiRht. 

0.H7 
.IH) 

i.as 

1.88 
.88 

charge. 

P.  J.  Preston  . . . 

140 

P.  J.  I'reeton 

2:m 

7 

C.  W.  Beach 

l,«92 

K) 

A.  L.  FellowH... 

1 ,  042 

H 

do 

130 

ARKANHAH   KIVEK   AT   PKOWKKS. 

9  station  in  located  at  the  dam  coiiHtructod  acroi48  the  Arkannan 

at  the  headgate  of  the  Colorado  and  Kansas  canal,  this  point 

selected  in  September,  1890,  in  the  hopi^  that  the  channel  might 

permanent,  but  no  records  wen*,  kept  until  the  spring  of  IIKX). 

ating  curve  obtained  at  this  point  from  gtigings  made  thus  far 

excellent  i-esults  within  the  limits  of  the  measurements.     There 

no  bridge  at  the  station,  measurement*^  can  l>e  made  only  at  the 

stages  of  the  river.     The  station  is  of  pailiiMiIar  importance, 

:  to  the  fact  that  it  is  located  n(»ar  the  head  of  irrigation  district 

r,  and  may  therefore^  })e  used  in  th<».  regulation  of  the  use  of  the 

8  of  the  Arkansas  in  that  district/' 

EttimtUed  monthly  diifcharge  of  ArkauMax  River  at  Pntirertt. 
[Altitude.  3.677  feet;  draintiKu  area,  19.UU()  M|imre  inilt^H.] 


I 


Discharge  in  j*e<'on<l-feet. 


Month. 


Miixi- 
I     mum. 


Mini 
in  urn. 


TfMul  in  HiTe- 
foet. 


Mraii. 


Knii-f>ff. 


fei!t  \n'r     l>epth  in 
HJ|UHre    j    in  eh  en. 
mile. 


1900. 

5to30 7,140 

5,800  ' 

4,?KX> 

1,700  ; 

44o 

80 


rft... 
ber«'. 
t)er.. 


1,(K»0 

2.  (iOO 

742 

0 
0 


10 
41 


4 
4 


2,<»4() 
2,017 

1()1 

4:) 

(> 

(> 

8 
18 


174,042 

208,  9.^5 

155,722 

*»,0<{0 

2,  707 

;i57 

;{00 

470 

1,107 


0.  155 
.  178 
.138 
.008 
.002 
.000 
.000 
.000 
.001 


0.  17.S 

.  2:w 

.154 
.000 
.002 
.000 
.000 
.000 
.001 


I 


lore  detailed  information  regarding  this  station,  hoc  Tenth  Biennial  Report  of  the  State 
"•of  Oolorado,  p.  312:  Water-Supply  and  Irrigation  rapcn*.  V.  S.  Geohjgleal  8ur\'cy.  No.  37, 
Jd  No.  60,  p.  828;  also  Uejwrt  on  Agriculture  by  Irrigation,  Eleventh  CensuM,  by  F.  H.  Newell, 


«.ted. 
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WATER    HEtiUURCES   OF   COLORADO. 


[vaTL 


IHM'hanjf  iinitxtirnn*'nfji  mwU'  on  Arkanmix  Jiiver  at  J^trtrern, 


I>nt(>. 


Hy<ln»);ni|ilK*r. 


Giiire  IHi»- 

height.       charKf. 


Sept.      8 

19()0. 
July      5 
July    H> 
Julv    2K 


A.  T-,.  FellowH 

V.  \V.  Iknith  . 
A.  L.  FellowH 
(WV.BciKh  . 


^    _ I 


J-Ted. 
0.20 


60 
38 
77J 


fkf'.ft. 


16 

m 

113 
546 


ARKANSAS   RIVER  NEAR   LAMAE. 


The  greater  proportion  of  the  records  of  this  locality  are  thoaekept 
by  the  Amity  Canal  Company,  their  headgate  being  at  a  point  7  miles 
west  of  Lamar,  on  the  north  side  of  the  river,  the  headgmte  keeper 
making  a  daily  record  of  the  discharge  both  in  the  river  and  tliectnal. 
(See  PI.  IX.)  There  is  a  dam  across  the  river  at  thin  point  for  the 
diversion  of  water  into  the  Amity  canal,  but  owing  to  the  unevennesB 
of  its  crest,  to  the  fact  that  timbers  and  driftwood  lodge  upon  it,  and 
to  other  causes,  the  results  are  not  entirelv  reliable.  Few  measare- 
ments  have  been  made  except  in  the  canal.  For  a  short  time  in  the 
year  1899  estimates  were  made  at  the  wagon  bridge  north  of  Ijainar 
b}'  the  water  conmiissioncr  of  district  No.  67.  The^je  are  of  interet^t 
as  giving  approximately  an  idea  of  the  flow  of  the  water  for  the  time 
covered,  and  are  therefore  pre.s(*nted  in  a  separate  table. 

The  principal  value  of  hydrographic  data  at  this  point  is  with  ref- 
eren(!e  to  the  storage  of  water  in  reservoirs,  of  which  those  of  the 
Great  Plains  Water  Company,  dcscrii)ed  in  the  Twenty-first  Annual 
K(»IK)rt,  Part  IV,  p.  240,  are  located,  12  miles  north  of  the  town  of 
Lamar.'* 


"For  further  information  cruH'crninp  this  stntion,  mm-  Ricnnial  Rcporta  of  the  State  Enifinwr* 
of  Colomdo;  Ninth. ]►. :17U;  Tenth.  i>. 'M  1.  Also i>Mhli(ati«)ns I'nited  States Geolof^cal  Sur\-ey:  Eleventh 
Annual  Report,  Tart  II,  pp.  49  ami  51;  Twentieth,  Part  IV.  j»p.  824  and  840;  Water-Supply  and  Irri- 
gation Papers,  No.  28,  p.  114;  No.  37,  p.  263;  No.  00,  p.  329.  Also  Report  on  Agriculture  by  Irrigition. 
Eleventh  Census,  by  F.  H.  Newell,  p.  12t>. 


D   GATE  OF    AMlTV   CfcNt.1. 


Pi 
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DiM^arffe  ofArhmmM  River  near  Lamar. 
[Altltode,  8,688  feiet.] 
AMITY  CANAL,  AS  FUBNI8HED  BY  E.  R.  BANNI8TKK,  HRADGATE  KEEPER. 


ins. 

18m. 

19 
SeccHid'feet 

239 

280 

170 

2,973 

4,469 

3,290 

280 

89. 

22 

20 

109 

«150 

00. 

1 

SfMxmd-fnt. 

Acv^fedt. 

Seoond-feet. 

Acre-feet. 

Acre>fw*t. 

14,606 

11,552 

10,453 

176,906 

274,788 

655 

1,870 

884 

74 

87 

249 

131 

38,975 
114,982 

54,355 
4,403 
5,349 

14,817 
8,055 

195,769 

17, 217 

211 

23 

54 

265 

248 

12,974 

1,369 

3,320 

15,769 

15,249 

5,472 
1,309 
1,230 
6,486 
9,223 

oAppioximate. 

BRIDOB,a  BBTIICATSD    BY  J.   B.   TRAXLER,  WATER   COMMISSIONER,   DIS- 
TRICT NO.  67. 


Day. 


ifm. 


March. 


April. 


May. 


Src.-Jt. 

ikC.-Jl. 

Sec.-Jl. 

8,000 

40' 

12 

4,000 

40 

12 

4,000 

:« 

12 

2,500 

:« 

12 

2,000 

30 

12 

1,500 

25 

12 

1,200 

25 

12 

1,000 

25  1 

12 

800 

20 

12 

800 

15 

12 

1,500 

16 

1 

12 

1,500 

is' 

12 

1,200 

15 

12 

1,000 

18 

14 

1,000 

20 

151 

1,000 

15 

5 

1,000 

15 

5 

800 

1              ^'^ 

5 

400 

1              15. 

5 

not  of  water  in  district  March  13,  250  necond-feet;  April  8,  225  necond-feet;  April  16, 175 
Lpril  25«  120  M!cond-feet:  April  80,  75  second-feet;  May  5,  ISO  •eoond-fefti;  Maif  \<\A^««^ 
r  \t,  200  second' feet;  Afay  14. 150  Hecond-feet;  MayAA^79n«QOQtDii•i««^i^'^%>^^3feKtS&w«»a^^ 
f08  meond'Ieet. 


96 


WATER    RESOURCES   OF   0OU)BADO. 


1*1 


I>iM'hnriff  nf  Jri^ryuwM  H'tTfr  ttf*tr  Ixjmar — Continued. 

AT    LAMAK    KRIIn;k.    KxTIMATKI>    BY    J.     B.    TRAXLKK,    WATKR    CX>MMI8SI0N£R, 

TRKT  NO.  fiT'-^Vn.Uniu^. 


I»My. 


March. 


j       Sfr..JI. 

20 i  301) 

L>  1 '  :K)0 

22 200 

2:^ 150 

24 1(X) 

25 75 

2B 50 

27 40 

28 :55 

29 35 

:» 35 

31 :  40 


11*99. 


April. 


M«T. 


Srr.fl. 

SfT^jL 

15 

5 

15 

15 

15! 

•  •  •  •  •  •••*« 

15 

15 

15 

•  •  •  ••••••• 

12 

•  •  •  •  •  •••«• 

12 

■  ••• 

12 

•  •  •  •  ••••■« 

12  ' 


I>i94*htrtje  mvnuurenie^itH  mn*tr  on  Arkmuum  Hitrr  nt  Ijamar. 


I»Hlr. 

F.  II.  NVnm-11. 
«1(.  

li 

yiln>»frKphrr. 

niwhHiXf. 

3(K) 

l.^O^K) 

KtMnarks. 

lSHi». 
Mav    •-'♦» 

• 

Jiiiv    n» 

At  I-aiiiar. 
I>o. 

Jiilv     22 

<l«»  

Sol 

Do. 

Aiijr.      W 
Aiijr.      7 

1S1I<». 

Mav    :;i 

do 

2H4 

iKx 

do 

187 

Do. 

\.  L.  lM'lli>\V.-' 
do 

249 

At  Amity  canal. 
Do. 

At  Uiiiiar. 

• 

JUIH'     is 

114 

1<HH). 
Apr.      7 

d«» 

S,  890 

PrK<i.\T()KV    HIVKK    AT   TKINIDAl). 


This  8t4iti()ii  was  located  Mav  I,  ISIMI,  in  tlie  town  of  Trinidad,  the 
g'a^c  rod  ))(Mn<(  attachi^d  to  tlio  cvlindrical  pier  at  the  west  end  of  the 
Las  Animas  Street  l)rid<»'(\  The  station  was,  however,  diseontinueJ 
July  31,  ISIM^  tin*  <^reater  portion  of  tlu»  water  of  th(»,  river  l>eing  taken 
out  at  points  ahov(»  tlie  station,  and  the  rliannel  hein^r  shifting  and  the 
results  uni'eliahlr.  A  more  favor{ii)le  location  would  he  at  a  jx)int 
about  1)  miks  above  th(^  town,  near  th(^  mouth  oT  the  canyon,  and  above 
where  the  most  of  the  wi\\ev  \s  \\\Vvn\  v>\\V  'Cvn.v  \vvvv;ation'.  A  station  al 
this  point  woukl  also  have  t\\o  wMvhV  vxv\\\\\\\xv^t^<v  xXv^V  W  >^v^\3\W\\^^ 
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zeroing  the  flow  that  might  be  used  for  Htorage,  an  there  are 
it  reservoir  sites  situated  above  this  point. ^ 

EMimated  monthly  discharge  of  ISirgatory  Hirer  at  Drinidwl. 
[Altitude,  5,990  feet;  dminaKC  am,  742  Miiian>  miles.] 


lonth. 


1896. 


1898. 


1899. 


Dlflcharge  in  tiecond-fcet. 


Maxi- 
mum. 


113 

780 

4,600 

1,657 

554 

189 

60 


327 

1,412 

1,534 

1,<557 

2, 023 

385) 

104 

54 


882 
1,282 
1,147 

752 

1 ,  282 

58 
42 

li»3 
230 
45)2 

2,  3(32 


Mini- 
mum. 


45 
0 
8 
0 
0 
18 
25 


1897.                                 i 

1 

1 

68 
327 
189 
30 
10 
30 
54 
30 


101) 
109 
SI 
42 
42 
31 
3() 


.'52 


52 

4 

IH 


MtMin. 


67 
60 
342 
76 
73 

:»  , 

''40  I 

''40 
''50 
ft  50 
165 
731 
403 
250 
282 

97 

60 

42 
'':i5 

2t)4 
377 
259 
181 
173 

39 

39 

82 
110 

71 
443 


^  I 


I 


Total  in  acrv-   ! 
feet. 


I 


»  I 


4,120 
3, 570 
21,029 
4, 673 
4, 344 
4,36(J 
2,083 
2,460 

2,459 

2,777 

3, 074 

9.818 

44,947 

2:^,  980 

15,372 

17,3:^9 

5,  772 

3,  689 
2,499 
2,152 

16,233 
24, 433 
15,925 
11,129 
10,294 
2,  398 
2,321 

4,  879 
6,764 
4,  225 

27,  239 


Run-off. 


8e<'«nd- 

fcet  per 

Hquare 

mile. 


.08 
.46 
.10 
.10 
.10 

.a5 

.05 

.05 
.07 
.07 
.22 
.99 
.54 

.;u 

.38 
.13 
.08 
.Of> 

.a5 

.36 
.51 

.:i5 

.24 

.05 
.05 

.  11 
.  15 
.10 


Depth  in 
InchcH. 


0.  10 
.09 
.53 
.12 
.11 
.12 
.06 
.06 

.06 
.07 
.08 
.24 
1.14 
.60 
.39 
.44 
.14 
.09 
.07 
.06 

.41 
.57 
.40 
.28 
.26 
.06 
.06 

.  12 
.17 
.11 
.69 


5  detailed  information  (•(njcoriiiuu  this  stiition,  see  Hlt'tininl  KeiKirtsof  th<'  Stat<?  Ensri- 
rado:  Efprhth.  p.  IGO:  Ninth,  p.  :V<1:  Tenth,  p.  319.  Alw  puhlicationH  T.  S.  (ii^oloKieal 
itecnth  Anntial  KtiJort.  Tart  IV.  p.  'L^\\  Nineteenth.  Part  IV,  p.  :i58;  Twentieth.  I'art  IV, 
ty-flrnt.  Part  IV,  p.  235;  VVater-Snpply  and  Irrigation  Papers,  No.  16,  p.  123;  No.  28,  pp. 
117:  No.  37,  p.  2ta;  No.  39,  p.  4.'iO.  Also,  Report  on  Agriculttire  by  Irrigation,  Eleventh 
.  //.  Sewoll,  p.  119. 
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iNtcharge  mtamirtmitit*  madt  on  Anyolafy  JKrt  tf  TVMAmI 


IMBR. 
Sept  24 

1806. 
Apr.  87 
Jane  4 
Jnly  II 
Sept.  14 
Oct  12 
Not.   16 

1887. 
Mar  22 
Jane  17 
July  16 
Sept.  23 


P.  J.  Praston . . 
Nov.    13  ■  F.Cotwwell... 


1896. 
Apr.    28     A.  L.  Fellows  .. 

July    27  ' do 

Aug.   29   ()') 

Aug.     6  ,  C.W.  Beach  ... 
(X-t.     28     A.  1..  Fellows  . . 


S. 


Apr.    28  . 
July    12  i. 


A  miiiilM'r  of  iiiisc(?llane(m»  ^giiigx  have  l>epn  Di&de  at  ^ettrt 
timcM  at  diffprt'tit  |x>intK  upon  the  Arkansas  and'  ite  tributurieH,  wbU 
havi'  Iteen  compiled,  m>  far  as  they  are  obtainable,  from  the  rariou 
aourees  ali-eady  cited,  and  are  presented  in  the  following  table.  Stt- 
tionii  have  not  been  maintained  at  the  jxiinta  mentioned,  or  if  nniit- 
tained  at  all  have  been  irregularly  kept,  and  the  rocords  have  been 
so  unuatisfaotury  that  it  in  thought  bci^t  not  to  publish  the  gage  hcightt 
or  to  approximate  the  discharge,  the  data  necessary  for  computing  tlie 
rating  tables  being  insufficient. 


«>V8.] 
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»y 


MiMxUanfous  di9ckarff€  tneaniremgiUs,  ArkittMu  Rivrr  ami  tribuUtrirn. 


Date. 


Hydrn^impher. 


t.  26,1893 

t.  24,1894 

t,  29,1897 

Y  18,1898 

le  13,1898  . 

^-  5,1898 

t.  15,1898 


F.H.  Newell. 
A.  P.  Davis . . 
P.  J.  Preston 
C.  W.  Beach. 

do 

do 

do 


Stream. 


Arkansas . 

do... 

do  ... 

do  ... 

Purgatory 

do  ... 

Arkansan  . 


liocality. 


IMMcFmnci'. 


Stc.fl. 


Byron 

Harden  ... 
Manzanola 

do  .... 

J.  J.  ranch 

do  .... 

Manzanola 


0 

114 

S47 
37 

m 


DUcharge  metimirernenii*  made  on  Arkartstu  Hirer  at  hi  Junta. 


>ate. 


Hydniffrapher. 


893. 

•t.  27  ,  F.  H.  Newell 

994.     ' 

y   21  '  F.  H.  Newell 

....do 

....do 

....do 


le     7 
\e    8 

:.      5 


.895. 

b.  6     F.  H.  Newell 
.y    19  ' do 

c.  2  , do 


1897. 

>t.   12  I  P.  J.  Preston 


1899.     I 

y    30     A.  L.  Fellows 

le   13    do 


le  20  ! do 


Stc.fl. 

24 

157 

15,000 

9,500 

OO 

182 
<mS 
455 

0 

246 

S57 
1,  ISl 


Dhschnnje  of  .irkanxdM  liirrr  at  La  Junta. 
[Drainiige  area,  Vl.'M)  Miuan*  mile*;.] 


Month. 


1889. 


y  20  to  31 


le 


V  .. 

m 

rust 


i- 

liiK'liarKc. 

,     Maxi 

Mini 

'     Ilium. 

mum. 

Sft\-ft. 

S*r.-ft. 

1,9<K) 

605 

2,620 

825 

2,2^)0 

345 

1,(530 

55 

Total  for 
month. 


Mraii. 


Kuu-ofT. 

Second - 
,   feet  per     Depth  in 
8(]uare    i    inches, 
mile. 


S*c.ft.  Str../t. 

1,089       ()6,973 
1 ,  1^55       80, 622 


0.10 
.12 


100 


WATKK    KKS4)UKCKH   OF   COLORADO. 


L»» 


SKKl'ACiK   MI-IASCKKMKKTS  ON   AKKANHA8   KIVEK. 

A  s4'rios  of  s<M'iKi^4*  inrasuriMiUMit^  have  lieen  made  uiM)ti  ArkauM 
Uiver  for  the  pur])os4^  of  determining  the  return  flow.    These  haw 
Ihvii  (■:irrie<l  on  under  the  direction  of  Prof.  L.  G.  Carpenter,  of  Fort! 
(\>Illns.  who  has  puhlished  a  bulletin  upon  the  subject. 

The  tabh'  )n'U)w  is  compiled  fn»m  data  given  in  the  Ninth  BiennI 
Uei)ort,  iKige  :5os,  of  the  State  engineer's  office  of  Colorado,  w  fu^ 
nishe<l  by  Professor  Carjienter: 

Stf/fiiiff  nit'*ii*tin-tNf'iitji  itf  ArknuiMtn  River. 
[Ill  Minmil-fti't.j 


If«7. 


vm. 


Ik 

u 


I'hirf 


C'uiivoii  to  lU'HM.Miicr  «lit<'h 

TK'J'HMIM'r  to  Piifblo 

Pui'IjIo  to  On'hanl  <irove 

On-hanl  ( Jrovi*  to  B<h»!U' 

rMMHH"  ti>  Nr|K'.«ta 

Nt'iK'siu  ti » ( )t(.T<  \  t"jinal 

C)tt'n»  canal  to  ApishapaCni'k 
Api^hapa  Crcrk  to  Ko<kyfonl. 
K«Mkvfonl  t«»  I'ort  Lvon  raiial 
Ki>rt  \.\iM\  ranal  t<»  La  .luiita  . . 

\a\  .Illllta  to.InlU'S  <lit(ll 

.lonr*^  (litcli  t«»  Las  Aiiiina>  .  . . . 

I^is  Animas  tn  Fort  Lvoii 

Fori  Lvdii  tn  ('a«Moa 

('a<Mua  to  Amity  raiial 

Amity  to  Lamar 

I^mar  to  IIollv 

IIollv  to  ( 'oolid^c,  Kans 


I 


IMHtHlifO 


Oaiu. 


I^IHH. 


:« 

10 

8 
MS 
10 

H 

t 

\) 

I 

11 

9  • 

(> 
11 
10 
II 
M) 


54.40    .. 


,1 


42.18  !. 
9.40 


103.47  ! ' 

40.44  I 

5.78' 

16.90   

•  lU.  '.^O    ........ 

35.59    

13.04    

10.  So    

1>S.51    

r>S.14    

3.(«    


55.17 

19.41 
20.30 


18.  In 
21.21 
22.39 
8.20 
14. 7t) 
20.08 
13.26 


liSI 


17.0 
IIH 


13.  21 


8.68 

14.20 

0 


Total 


I'lin'MaLlr ■     57.  .'Mi 

<;ain 3:50.07 


2i:>     387.43       57.:^>     243.  Si       5L41 

51.41    


I 


192.  40 


NniK.-  riiutiiiiii:  ilu-  uiir«lijjl»l«.-  iuraMir«.nK'nt  to  jiuiu  u>  in  lS'.»s,  the  i^Hiii  in  lft»7  w<»uld  U- '.?* 

S«.'<'onil-l\M;l. 


\ 
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RIO  GRANDE  DIVISION. 
DRAINAGE. 

[Descriptions  of  the  Rio  Grande  drainage  have  lH»en  g-iven  in  fonner 
>orts,  but  a  short  rdsiim^  is  here  pre8ent4»d  for  the  eonveniencn*  of 
>«e  who  do  not  care  to  look  up  the  fonner  n^cords.^' 
Fhe  Rio  Grande  and  its  tributaries  drain  the  mountiiinous  area 
xth  and  east  of  the  Continental  Divide  in  southwestern  Colorado, 
3  principal  streanis  flowing  from  the  east  side  of  the  Needle*  Moun- 
¥18  and  from  the  south  and  east  side  of  the  San  Juan  Itsinge.  Impor- 
nt  streams  also  flow  from  La  Garita  Mountains  in  Saguache  and 
incral  counties.  The  main  stream  flows  in  an  easterlv  direction  for 
out  75  miles,  receiving  numerous  tributaries  from  the  mountainous 
^on  thnmgh  which  it  flows.  At  the  town  of  Del  Norte  the*  valley 
oadens  into  what  is  known  as  the  San  Luis  VaUev;  thence  the  stream 
►^8  southeastward  and  southward  for  about  the  same  distance  to  a 
►int  about  20  miles  southeast  of  Antonito,  where  it  crosses  the  State 
^€.  From  the  time  the  river  leaves  Del  Norte  but  few  streams  of 
^portance  flow  into  it,  as  nearly  all  of  those  that  issue  from  the 
ountains  lase  their  waters  in  th(»  plains  before  they  reach  the  main 
ream.  This  is  particularly  true  of  the  drainage  north  and  east  of 
i«  river  from  the  Cochetopa  Hills  and  the  Saiigre  de  Cristo  Range. 
Ithough  the  streams  flowing  from  these  mountains  are  very  nuiner- 
18  and  carry  large  volumes  of  water,  yet  they  furnish  no  source  of 
ipply  to  the  Rio  Grande  itself,  all  the  water  being  lost  eitht^r  in  the 
-nds  or  in  broad,  shallow  lakes,  until  Trinchera  Creek,  flowing  through 
le  Costilla  land  grant,  is  reached.  Tliis  stream,  although  usually  dry, 
tmishes  a  supply  at  different  times  in  the  year.  On  the  south  and 
est  side  of  the  river,  however,  many  important  streams  flow  from 
e  mountains,  which  in  their  higher  stages  carry  large  vohunes  of 
iter  to  the  Rio  Gmnde.  Among  these  are  the  Alamosa,  La  Jara, 
d  Conejos.  The  supply  from  these  streams  also  is  used  mostly  dur- 
g  sunmier,  so  that  after  the  flood  stages  are  past  very  little  water 
►ws  from  any  of  the^e  sources  into  tlie  Rio  Grande  itself,  as  most  of 
is  used  in  the  upjx^r  part  of  the  valley,  and  in  the*  late  summer  very 
tie  passes  Alamosa,  bellow  which  placid  there  ari^  but  fi»w  irrigating 
nals.     During  the  flood  stages,  however,  great  volumes  of   water 

Hayden'8  Report  of  1«75,  pp.  ir)3  to  167.  Publk-iitinns  r.  S.  tJeoloKicnl  Survey:  Tt«nlh  Anntial 
p<irt.  Part  H,  p.  66;  Eleventh.  Part  II  (see  Index):  Twelfth.  Pnrt  II.  ik210:  Thirteenth,  Part  III  (.Meo 
lex):  Fourteenth,  Part  II.  p.  110;  Eighteenth,  Part  IV.  p.  21.'.;  Nineteenth,  Part  IV,  p.  3SI;  Twen- 
th.  Part  IV,  p.  356.  Bulletins  No.  lU.  p.  41;  No.  140,  p.  16'.»;  Water-Supply  and  Irrigation  PaiHT 
.  37.  See  also  all  Biennial  ke|M»rts(»l  the  State  Engine«Ts<»f  <'<>l<ira<io  for  irrigation  in  thisdivision, 
(1  Report  on  Agriculture  by  Irrigation.  Eleventh  Census,  by  F.  H.  Newell,  p.  127.    For  maps  see 

I  of  Part  U  of  the  fourth  and  H'Venth  and  PI.  V  of  the  fifth  n-jMirt.  See  also  Si'uate  DiMMinient 
.  229,  Ftfty-lifth  OoDgreflB,  secoud  ^piF*"'",  on  the  "EtiuiUible  distribution  of  the  waters  of  the  Kio 
uide." 
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f1<»w  ill  till*  Kio  (inindi'  itsolf  and  several  of   ib*  tributaries  vhick 
iiii^ht   )>t'  *«t<>r('(l  and  iisrd  for  tlio  cxten.sion  of   the  irrigated  am. 
Fannintr  is  carrird  tin  «»xt«'nsively  among  the  upper  valleys  of  sevetil 
of  the  strrani.N  issuing  from  the  mountains  north  and  east  of  SanLii^ 
Valley,  hut  no  ortl<'ial   ineasuivments  have  Yicen  made  upon  any  d 
tlu'M-  >tn'ani>. 

( )n  tlif  hra<lwat4'rs  of  nearly  all  of  the  tributaries  of  the  BioGnmde. 
as  well  as  on  tlio  main  stream  itself,  are  important  reaervoir  aiteN 
which  mi^ht  )>e  utilized  to  store  wat4*r  for  late  use,  aoaalo  tendtr 
erop  niisin^  more  4'ertain  than  it  is  now.  Unfortunately,  owing  to 
international  complirations.  it  has  Inn^n  impossible  in  the  paflttomake 
use  of  th(>s4'  sites,  but  it  is  hoiMnl  that  this  rastriction  will  soon  be 
removed,  as  it  is  elearly  to  the  advantage  of  the  agricaltiuml  interests 
as  a  whole  that  the  water  should  \h}  used  to  as  great  an  extent  as  po^- 
silile  alon^  the  u])])er  portion  of  thestn^ms. 

The  lands  dniined  )>v  the  Itio  Urande  and  its  tributaries  oonstitnte 
irrigation  division  N4».  III.  The  varicms  districts  into  which  it  i> 
divid<*(l  are  No.  ::!(».  eomprisin*^  the  Uio  (irande  drainage,  excepting 
those  streams  inehKh'd  in  s4'panite  districts,  which  are  No.21,oov' 
erin^^  Alam(»sa  and  La  Jara  erceks  with  their  tributaries;  Na  ^. 
Conejos  ('n»ek;  No.  :i4,  Costilla  Creek;  No.  25,  San  I^uis  Creek;  So. 
2«>,  Sac^uaehe  CnM»k:  No.  27,  Tuttl4\  Carnero,  I^i  (varita,  and  all  other 
ereeks  and  their  tributaries  whieh  have  their  sources  of  water  supply 
in  the  La  (rarita  .Mountains  and  t1(»w  (Mistward  into  the  San  Luis 
Vailev:  and  N<>.  .*»."►,  Trinchera  Creek. 

There  are  many  pr<>})lenis  of  interest  eonneeted  with  the  use  of 
watt'r  in  the  San  Lnis  Vailev,  anion^^  whieh  is  the  study  of  lass  hy 
evaporation  and  >eepati:''.  Investi»ration  is  being  carried  on  in  thi> 
lim*  l)V  Prof.  L.  (J.  Carpenti'r.  alreadv  mentioned,  of  the  Colonido 
State  Agriitultural  Coileo-e. 

STIiKAM    MKASrUKMKNTS. 

Althou^^h  hydrotr^'iipldi- data  are  most  desirable  in  this  valley,  but 
little  hydro^ifraphic  work  has  been  done,  owing  to  the  scarcity  of 
funds,  both  in  the  olHee  of  the  State  engineer  and  the  United  States 
(leological  Survey,  m)  that  only  thn»e  stations  have  been  maintained  for 
any  eonsidenible  length  of  time,  and  of  thesi^  only  one,  the  ntationat 
Del  Norte,  has  Ixmmi  maintaine<l  for  a  length  of  time  sufficient  to  fur- 
nish anything  like  jiecui'ate  information  eoneerning  the  noiTnal  flew. 
The  two  that  have  b(M'n  kept  up  for  shorter  periods  are  a  station  nwir 
the  State  line,  upon  the  main  Rio  (ii-ande,  and  one  upon  the  Conejos, 
alxmt  H>  miles  w(»st  of  the  town  of  Antonito,  on  the  Denver  and  Rio 
(f  ramie  Hail  road. 


li.     STATE  BRIDGE  ACROSS  RiO  GRANDE  NE.t>n  C0<.Q%k^O  %T k'^^V. 
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MO  QBAVBB  AT  DBL  XOSn. 

18  station  is  located  about  S  miles  west  of  the  town  of  Del  Norte, 
I  the  main  canals  taking  water  from  the  Rio  Grande.  Records 
been  kept  since  the  fall  of  the  year  1889  for  very  nearly  the 
I  time.  A  steel  cable  is  stretched  across  the  river  at  this  point 
he  gagings  are  made  by  means  of  a  car  traveling  on  the  cable, 
ices  being  marked  on  a  tag  wire,  and,  at  low  water,  by  wading, 
hannel  consists  of  small  bowlders  and  gravel,  and  although  the 
ire  not  high,  the  stream  has  never  been  known  to  ovei'flow  at 
oint.  The  conditions  are  excellent  for  good  results,  as  the  bed 
3  stream  scours  but  little,  although  the  fall  is  comparatively 
The  station  is  of  great  value,  as  the  distribution  of  water 
T  the  numerous  consumers  is  made  to  depend  very  largely  upon 
Etta  obtained  as  shown  on  the  gage  rod.  Information  is  also 
bed  concerning  the  supply  available  for  storage  in  reservoir 
ibove. 

t  citizens  of  San  Luis  Valley  seem  to  appreciate  fully  the  advan- 
»f  this  station  and  have  frequently  expressed  themselves  as  desir- 
see  this  service  extended.^ 


etalled  informatloa  oODcemlng  thia  utation,  see  Biennial  Reports  of  the  State  Engineers  of 
»:  Fifth,  Part  I,  pp.  21  and  40;  and  Part  II,  PI.  V;  Sixth,  p.  88;  Seventh,  p.  170;  Eighth, 
rinth,  p.  385:  Tenth,  p.  821.  Also  publications  U.  S.  Geological  Survey.  Eleventh  Annual 
Part  II,  pp.  63  and  98;  Twelfth,  Part  II.  p.  246;  Thirteenth,  Part  III.  p.  99;  Fourteenth,  Part  II, 
ighteenth,  Part  IV,  p.  246:  Nineteenth,  p.  883;  Twentieth,  p.  S&9;  Twenty-first,  Part  IV,  p.  256; 
B  No.  181.  p.  41;  Nos.  140  to  170;  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  64;  No.  16,  p.  127 
>p.  126, 129,  and  180;  No.  87,  p.  277;  No.  39,  p.  450;  No.  50,  p.  847.  Also  Report  on  Agriculture  by 
n.  Eleventh  Census,  by  F.  H.  Newell,  pp.  113,127 
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nd  mmimtim  dUcharge  and  average  run-off  of  Rio  Grande  at  Del  Norte  for 
that  portion  of  each  year  covered  fjy  remrdn. 


Dinohaix*' 


Minimum. 


Maximum. 


Date. 


0('t.  2 

Sept.  19 

Sept.  26 

!  Nov.  8 

i  Nov.  27 

i  Nov.  21 

Aug.  21 

Sept  1 

Nov.  9 

Sept.  13 

Aug.  31 


Amount. 


DaUv 


See.-ft. 
307 
290 
243 
214 
201 
322 
214 
342 
221 
268 
163 


27  i 


24 
19 


Apr. 
May 
Mav 

• 

Mav 
May  17 
June  12 
May  3 
May  27 
June 
May 


3 
11 


May    29 


Amount. 

o,  9:jo 

5,  650 
4,710 
3,  320 
2, 850 
3, 840 
3, 579 
5,  234 
5,  2m 
2,3:^0 
5,454 


Run-off.«* 


Depth  In 
inehcH. 


12.0(5  1 
13.56 
7.92 
6.93 
6.29 
10.14 
8.58 

13.  a5 

14.06 
7.87 
8. 55 


8e«md- 

feet  per 

H4|uart> 

mile. 


0.89 
1.00 
.58 
.51 
.46 
.75 
.63 
.96 
1.08 
.58 
.63 


,  per  acre-foot,  given  is  for  each  entire  year,  inchiding  estimatCK;  the  diecharge  given 
months  and  the  totals  for  an  average  year,  as  calculated  from  all  ohflervation.s  and 
tails  may  be  found  in  the  authorities  cited. 

THfcharge  meaturement*  made  on  Rio  Grande  at  Del  Norte, 


Hydrographcr. 


(iagc 
height. 


Dis- 
charge. 


'.  M.  Bannou 

'.  M.  Bannon 

'.  H.  Newell . 
i.  P.  Davia  .. 


L.  P.  I)avi8  and  F.  Cops  well 
'.  Cogswell 


'.  Cogswell 
...do  .... 

...do 

...do  .... 

'.  Cogswell 

do 

...do  .... 

...do 

...do  .... 
...do  .... 
...do 


Fett. 
2.  20 

1 .  58 


Sec.-ft. 
527 

274 


A 


2.68 

968 

1.52 

267 

4.00 

2, 818 

1.80 

414 

1.90 

492 

1.70 

385 

2.  30 

706 

1.80 

445 

3.00 

1,507 

4.05 

3,014 

5.45 

4,898 

3. 30 

1,769 

2.00 

640 

1.55 

373 

*1.^ 

\   X.W*^ 
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Ditchnrgt  meiaurtmentg  raadt.  on  Rio  Grandf  tU  Del  Xortt- — ContlnnAlLi 


D.«. 

.3.' 

_Jfc^ 

18S8. 
Apr,    U 
Ur7    I« 

S.t7 

1:2 

S.4I 
S.OI 

S.W 
L6B 

1.H 

Aug.  25 
Oct.    36 

1MB. 
Apr.    25 

Jb 

9 

Aog.   M 
1900. 

9 

Mar    12 

&» 

Ai»18 

cotraioa  uvnt  kkah  um  Mooom. 

Thia  stream,  the  most  important  tributary  of  the  Rio  Gnuidt^  in 
Colorado,  rises  on  the  eaetem  slope  of  the  San  .Juan  liangp.  which 
forms  the  western  boundary  of  Conojos  County.  It  flows  southeasl- 
ward  as  far  as  the  town  of  Conejat:  then,  bending  noi-theastward, 
enters  the  Uio  Grande  below  the  mouth  of  Trinchera  Creek.  All  of 
the  ordinary  flow  of  this  stream  ic  used  during  the  irrigation  season. 
but  at  flood  wtages  and  in  winter  considerable  water  goes  to  waste, 
The  station  is  located  al)out  10  miles  west  of  Antonito.  from  which 
town  it  may  be  reached  by  driving.  Th(>  nearest  post-ofEt-e  is  at  Los 
Mogotes,  al>out  -1  miles  from  the  station,  but  the  observer  was  alwaj-n 
accustomed  to  get  his  mail  at  Antonito.  It  was  established  Augiut 
85,  1R99,  and  was  lirst  located  at  a  wagon  bridge  crossing  the  rirer: 
but  owing  to  the  fact  that  the  rod  at  that  point  was  maliciously 
destroyed,  the  station  was  removed  to  a  point  about  500  yards  down- 
stream, where  it  was  attached  to  a  pier  projecting  into  the  river  near 
a  farmhouse.  The  channel  is  fairly  good,  l»eing  of  gravel  and  not 
particularly  liable  to  either  change  or  overflow.  Owing  to  the  reuiovHi 
of  the  gage  from  its  old  station  and  to  the  i^mall  number  of  measure- 
ments made,  but  few  data  are  available. 

San  Antonio  River  is  an  impoiiant  branch  of  the  Conejos,  and  a  few 
measurements  were  made  upon  this  sti'eam  also,  these  being  given  in 
the  list  of  miscellaneous  measurements." 

"For  more  deuilrd  informitkm  TegHcdloK  (hta  kUiIdh,  see  Tenth  Biennial  Reponol  UieStktcBi' 

(iiiFerof  Culontdo.  p.  3ZS,  and  t'.  S.  GenlaglEal  Sorviry  Waler-Supply  anil  IrriKadon  Pttpen,  KclSI,  p.  UK 

Mad  Ko..«p.M8.   Alw,  acporl  on  AarleuKure  by  IrriEiUon.  Eleventh  Coiunu,  by  Y.  B.  Kewell.p  Mk 
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Disdujorffe  meamtremenU  made  cm  Condon  River  near  Lon  Mogotes, 

[A.  L.  Felloww,  hydrographer.] 

II 


^^-  he^t.   '    chaise. 


1899.  J->€t.      ,    Srr.-/l. 

AugU8t25  1.00  76 

November  28 2.20  70 

1900. 

March  28 1.68  144 

May  11 3.10  1,087 

June  23 2.:S0  467 

AiigU8tl7 1.15  33 


RIO   (;RANnE    AT   CKN'K'ERo. 


This  station  is  located  a  short  distance  noith  of  the  })oundarv  line 
between  Colorado  and  New  Mexico,  at  a  point  where  the  river  is 
crossed  by  a  State  wagon  bridge.  It  was  established  July  2X,  1899, 
and  has  been  kept  up  regularly  ever  since.  Two  gage  rods  are  neces- 
sary, one  for  high  and  the  other  for  low  water.  The  channel  is  excel- 
lent, the  bed  consisting  of  bowlders  and  nx'.k  and  being  subject  to  but 
little  change,  and  the  banks  are  high  and  not  liable  to  overflow.  At 
hi^h  water  gagings  may  be  made  from  the  bridge,  but  at  low  water 
they  are  usually  made  by  wading.  The  station  is  an  important  one, 
as  it  gives  information  concerning  the  entire  drainage  of  the  Rio 
Grande  in  Colorado  and  the  discharg<>  of  the  river  practically  where  it 
enters  New  Mexico,  this  information  being  of  value  to  both  Colorado 
and  New  Mexico  and  furnishing  important  data  bearing  ujxjn  storage 
and  the  use  of  water.  The  nearest  railroad  point  is  Antonito,  from 
which  the  station  may  i)e  reached  by  driving  a))out  15  miles.  The 
nearest  post-office  is  at  Eastdiihs  ))ut  the  observer  has  been  in  the 
habit  of  getting  his  mail  at  Cenicero,  which  is  on  the  road  between 
Antonito  and  the  gaging  station,  about  4  miles  from  the  former.'' 

a  For  more  detailed  infonmition  foniMTiiiiiK  thiM  slutioii.  s^m-  Tenth  Biennial  Rei)ort  of  the  .State 
Enifineer  of  Colorado,  p.  3'2(>:  V.  S.  Oeoloj^ical  Survey  Wttter-Siipply  and  Irrigiilion  I'upi'rs,  No.  37, 
p.  279:  No.  89,  p.  450,  and  No.  50,  p.  a4tf. 
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[m.;i 


tjiiimtlt'tl  Mifuihl;/  tlinrharge  uf  Rio  frrandf  ni  C-Wi icrro. 
[Dmlnttfc*'  an*,  T.tiM  square  miles.] 


hifW'harK*'  in  w(*rm<l-feet. 


I 


RuiHiff. 


Miiiiih. 


Maxi- 
111  mil. 


Julv 170 

Aiipist 12i» 

Sept  oil  lU-r 42.'i 

CMoUt 170 

NoVfllllMT 2SC 

IXmvuiImt .'Wl 

I^iuit  0  iiionthi*  oi 

tin- war 42:5 

UKK). 

January 1,  l.'M 

Ffbmarv 1,1:54 

Manh 1.  i:U 

April 504 

May :5,2iM 

June :{.21M 

Julv 58 

AujruHt 22 

S<'pt«MnU*r 4:> 

OctolnT 5S 

NovlmiiIht .'H)! 

D4'(r<'mlM'r 5iU 

TIh"  yrar :j,  21>4 


Minl- 

IlllllU. 


Mean. 


T"«^  »5  •^•^  I  Serood- 

'*^'-  I  feet  per  '  Dep^ii 

I    niuare      ii 
mfle. 


12 

42 

2,582 

o.oai 

aoos 

20 

53 

3,259 

.007 

M 

:n 

102 

8,069 

.013 

.013 

«5 

117 

7,194 

.015 

.017 

170 

259 

15.412 

.034 

.Oft 

170 

:)18 

19, 553 

.Oil 

M 

12 

148 

54,009 

.019 

.}» 

594 

1 

6:» 

1 
:)9,229 

.083 

.085 

22 

759 

42,153 

.099 

.lOS 

2:iO 

58:5 

:«,  847 

.076 

.OK 

18:^ 

;J50 

20,826 

.045 

.OSO 

414 

1,430 

87,927 

.186 

.214 

7» 

1 ,  424 

84,  7:m 

.185 

.2»16 

22 

2*1 

l,78:i 

.004 

.OW 

IH 

1 ,  :i5:? 

.00:? 

.003 

1»> 

:n 

1,845 

.004 

.m 

:{{ 

'M 

2,  275 

.005 

.m 

5S 

1 55 

9,  223 

.020 

.OrH 

414 

571 

:«,  109 

.074 

.(!!« 

n> 

:><)2 

:^)2,  :^>4 

.065 

.»7V 

ifisr/ian/i'  nira:*urrinrnts  nmdr  an  Win  Urmide  *it  CeitiriTo. 
[A.  L.  >Vllo\v«i,  liyilrojrrHpluT.] 


I»jitt>. 


U^^.   >'-='*'^ 


i<sin>.  I  Fftt.       stf.-jt. 

June  2S 0.  tM)  A^ 

Au^ni.«t  21 1. 00  '  ;^l 

Novenilwr  2S 1 .  80  'X 

I 
WKKl 

March  2^» 1 .  (JO  2:^*) 

May  10 2.  (K)  .W 

June22 l.SO  ,  42i) 

August  U> .75  l> 
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MIBCELLANBOim   MBASUBBMEMTB. 


A  table  is  given  below  of  the  miscellaneouB  measurements  of  which 
records  are  obtainable  that  have  been  made  in  the  Rio  Grande  drainage 
basin  in  Colorado.  These  are  of  importance,  as  they  furnish  informa- 
taon  concerning  the  flow  of  the  various  streams  at  stated  times  and 
Bfiven  points. 

MiiceUaneous  duchatge  meagurements  on  Rio  (hande  and  tribtUaries. 


Date. 


STtine 
Oct 


28,1894 
16, 1895 

14. 1895 

19. 1896 
23,1896 
24,1896 
26,1896 
20,1899 

23,1899 


Jfoy    11,1900 
aiiDe  22,1900 


■June 
^iily 


Hydrographer. 


A.  P.  Davis 

F.  Cogswell 

do 

do 

do 

F.  F.  Anderson. 

F.  Cogswell 

A.  L.  Fellows  ., 


do 

do 
.do 


stream. 


Rio  Grande 

do.... 

do.... 

do  .... 

do.... 

Conejos  ... 

do.... 

do  .... 


.do 


San  Antonio 
do 


Locality. 

Alamosa 

do 

do 

do 

do 

Ix)8  Mogotes 


6     miles    below 
Alamosa. 

i  mile  above  Ala- 
mosa. 

Antonito 

do 


Discharge 
in  second- 
feet. 


10 

1,176 

92 

132 

32 

67 

3 

17 

10 

473 
4 


SEEPAGE  MEASUREMENTS. 


The  seepage  measurements  given  below  were  made  under  the  direc- 
tion of  Prof.  L.  G.  Carpenter,  of  Fort  Collins,  and  were  furnished  by 
him  to  the  State  engineer  of  Colorado.  The  table  is  from  the  Tenth 
Biennial  Report,  pages  219  and  221.  Professor  Carpenter  expects  to 
publish  a  bulletin  on  these  measurements  shortly. 


110 


WATEB   BE80UBCE8   OF   COLORADO. 


[MU.  74. 


Seepage  mfOfuremetU*  wi  Rio  Grande,  1900. 
[In  iie<x)nd-feet.] 


Place  of  mea-MuremiMit. 


Date. 


\ 


Section 
inflow. 


Sd^tion   ! 
outtake. 


River. 


t 


Railroad  station  at  South  | 
Fork Aug.    30 

Unite<i    States    Geological  .                   I 
Survey  gaging  Htation  .. .    Aug.    31    

Do Aug.    20   146.61 

AlH>ve  Del  Norte  canal do  . .  J 

Do Aug.    21' 32.11 

At  OffH do  ...' 

Do Aug.    22    47.19 

Below  Prairie  canal do  . . .         .31  ' 

Do [Aug.    23         4.33  I    96 

Below  Monte  Vi^ta  bridge  .' do 

Do ;  Aug.    24   j    30.29 

Below  San  Lui«  canal ' do  . . .       5. 21       14. 24 

Below       Hickory- J ackKon  j                                   I 
ditch j do : 

Do I  Aug.    25    1     10.69 

Bel(»w  Alamona do I 

Do Aug.    27    1 

Alx)ve  mouth  of  (Vhicjoh 

River ....do  ...      UrX\    

Below      C(niejos      (North 

Branch) do  ...I       (>.  90    

Below  Las  SiiUci*H do 

Do \\\\i.    2S  I ' 

Above  Stat(»  bridge do i 


0.85  ,  33.41  194.24 


209.83 
249.06 
176.50 
178.90 
168.48 
156.22 

99.29 
108. 91 

14 

14.30 
5.90 


Section 

gain 
or  losB. 


SrejKiijr  itird.ffirt'iihnts  on  Com'jits  Rinr,  1900. 

[In  SCCOIKl-flH't.] 


1.97 
2.  15 


:\.  \V1 


At  State  ga<rini^  station \\\\i.    \\\    

Above  San  Juan  bridge do 

At  bridge <lo 

Above  Cerritos i  Au^.    :J0         0.  77 

Below  San  Antonio  CrcM-k <lo 

At  Mclntirc  jilaee <lo 

Do '  An^'.    29    24 

Below  Mclntire  spring <l(j J4.  19 

Two    hundrtMl    feet   above 

bridge <lo 


24.  (V) 

24.  77 

.  50 

.SO 
.  55 

:5.  88 

:u.  33 
24.  02 


48.15 

25.95 

21.69 

10.05 

-3.24 

21.89 
13.98 


10.65  I 

11.55    

1                   .14 
1.01  i 


ToCaI 

gain 

otlom. 


48.15 

22.30 

43.89 

33.84 

30.60 

52.49 
66.47 


66.61 


i.:« 

.24 

66.85 

15.33 

-.35 

66.  .lO 

23.98  ' 

1.75 

68.:^ 

22.31 

1 7.  22 

5. 09 

63.  IH 

2.09 
•>»>  1.) 

.30 
1.02 
6.65 


-21 -.OS 
-19.73 
-20.75 
-14.10 


3 


-11.10 

4.i) 


mi^LowB.]  IRBIOATION   SYSTEM.  Ill 

SAN  JUAN  DIVISION. 
IRRIGATION. 

San  Juan  Rivor  risen  in  the  8au  Juan  Mountains,  the  small  streams 
Li,  the  head  jSowing  westward,  opposite  to  the  direction  taken  by  the 
tranches  of  the  Conejos.  The  country  is  generally  mountainous  and 
x>ugh,  and  but  little  irrigation  is  practiced  along  the  stream,  except 
n  the  bottom  lands  adjacent  to  the  channel.  The  stream  flows  but 
k  short  distance  through  Colorado  before  entering  New  Mexico, 
Jirough  which  it  flows  for  about  1(X)  miles,  then  crosses  the  southwest 
corner  of  Colorado  again,  and  flows  thence  through  Utah  to  its  junc- 
don  with  the  Coloi*ado  at  Henry  Mountain.  The  principal  tributaries 
lowing  from'  Colorado  into  this  river  are  the  Piedra,  Los  Pinos, 
B'lorida,  I>as  Animas,  La  Plata,  and  Mancos,  all  of  which  flow  through 
somparatively  narrow  valleys,  crossing  the  line  into  New  Mexico 
yetore  the  San  fJuan  itself  is  reached.  A  large  portion  of  this  countr}'^ 
!3a8  been  but  very  recently  opened  to  settlement,  as  it  remained  a  part 
>f  the  Southern  Ute  Reservation  until  1899,  when  the  western  half  of 
bhat  reiiervation  was  thrown  open  to  settlement,  and  a  number  of  set- 
tlers have  come  in.  A  very  considerable  portion  of  the  most  desir- 
able lands  had,  however,  been  taken  l)v  the  Indians  in  severalty. 
Iliere  are  a  number  of  excellent  mesas  of  good  farming  land  which 
wrill  undoubtedly  be  eventually  irrigated.  A  number  of  surveys  have 
already  been  made  of  canal  lines  to  cover  these  tmcts,  which  will  be 
speedily  pushed  to  completion. 

DKAINAGE. 

San  Juan  River  and  its  tributaries  drain  practically  all  of  that  por- 
tion of  the  southwestern  corner  of  Colorado  which  comprises  the 
Ourango  I^nd  District,  except  a  portion  of  the  northern  part,  which 
is  drained  by  the  Dolores  River,  a  tributary'  of  the  Grand.  The 
northeastern  quarter  of  this  district  is  very  mountainous,  the  principal 
tributaries  of  the  San  Juan  having  their  headwaters  among  lofty 
mountain  peaks  and  mountain  ])arks  of  high  altitude.  Little  irriga- 
tion is  practiced  in  tlie  upper  valh^ys  of  any  of  the  streams  of  this 
district,  except  for  raising  hay,  above  a  h(Mght  of  about  7,000  feet, 
from  which  altitude  the  level  of  this  district  in  Colorado  runs  down  to 
about  4,500  feet.  In  the  lower  valleys  agriculture  is  extensively 
practiced,  and  nearly  all  kinds  of  crops  that  may  he  raised  in  temper- 
ate climates  are  cultivated.  A  very  large  portion  of  the  ilivision  will 
undoubtedly  be  iriigated  eventually,  and  water  will  be  us(h1  exten- 
sively for  the  developuKMit  of  power,  so  that  the  supply  of  water  in 
many  of  the  streams  will  prove  inadequate  without  a  comprehensive 
system  of  storage.  There  are  fortunately  a  number  of  excellent 
reservoir  sites  on  the  headwaters  of  a  number  oi  \\\^  ^V\^"«CQX'^.,\fwcNlv!s^^ 
larly  upon  the  San  Juan,  Piedra,  Los  Pinos,  a\\d¥\oi\A»c, 


)  No.  3!f,E» 


11:2  WATKK   BESKf^RCEi*   OP   ClILOBADO.  Init 

Tli<r  ilniinti;,'!-  an-u  of  tho  Shu  Jimii  and  itx  triliuturim,  while  i-oteli- 
tiitin^  iri'i^iti'in  diYinion  No.  IV  in  mvordance  with  the  luws  of  Colo- 
milo.  is  ]>ni('ti«illv  titiiijxtscd  of  k  nunilH'i*  of  Ktrictlv  indcfpvndnt 
dintrirts.  as  each  one  of  tli(>  iiiitiii  triliiitiirtcM  croMtwjt  the  line  betvn* 
('olomdo  and  New  Mfxicn  liefoH'  it  fiiiptipr<  into  the  San  .luiin.iad 
ht'm-ti  tlic  use  of  till-  wiitrr  (»f  tlit'  viirious  HtrcaniH  doex  not  t^nflictto 
tiny  }rr<>iit  fxtcnt.  Th<- irri^ition  districtx  that  composu  ifaedinoiai 
and  till-  slivtiiiis  timt  furnish  their  Mupply  of  water  are  No.  3tf,E«> 
prisiii^r  tli<>  ti-rritorv  di-Hiiii><l  liy  lhi>  hoadw'aters  of  the  Sao  J) 
the  Picdm;  No.  31.  (hi-  I^»s  Finos  di«trift;  No.  »i,  the  Lt» 
trict:  .\(i.  :^1.  th<>  Ln  I'lutii  district;  No.  34.  the  Mancoa 
Xi>.  :i:i.  tlic  Moiit<>/inim  Vulli>y  diKtriot.  the  latter  being 
IMirl  of  thi-  <>nind  Hivi-r  division." 

STKKAM    MKASt'KKMKNTS.  •         1 

A  niiiiilKT  of  stiitions  hiivc  >h-<'ii  maintained  ut  different  titnoAJllliii> 
division.  thu.st>  for  wliich  si'immtf  (uhlcH  art*  }riren  lieing  sitaatod  W&r 
AHhiIi's,  on  tho  Sun  Jnun  and  l*ii>dra  rivet's:  at  Ignacio,  on  Lus  Rnw 
River:  at  .Stettiirt's  ranch,  on  Florida  Kiver:  at  Durangv.  on  Animsj 
River:  and  at  .\[iinciis,  on  MancoN  River.^ 


This  station  is  ][initi-<l  a  short  distance  wi-at  of  tbo  old  Arboles  n3- 
I'oiid  station  on  the  Di-nvrr  and  Hio  (irunde  Hailruad,  where  n  foot- 
l>rid<:p  was  cciiist  rurtcd  liy  tln'  Survey  avross  the  river  for  the  purpose. 
'I"hi'  clianiiel  is  iml  fuvoniliie  In  twcurate  iiieasuivnientti..  the  bridge 
ci'ossiiijr  till-  rivrr  at  a  iioint  wiicre  there  is  a  deep  hole  and  the  left 
luink  hi'in^'  llalile  to  ov.Tflnw.  'I'he  In-d  of  the  ehaiinel  is  souieHlut 
siiiiily  and  sliiftiii;:.  irnivi'l  liai-s  forniinjT  itt  times  along  the  bende  "f 
the  river  mid  ajraiii  ln-in;:  i]is|)iaei'd  at  the  next  liijfb  water.  Matfure- 
tnenls  wt-ie  made  from  the  r(">tlirid<re  altove  mentioned.  The stati"" 
\V!is  valiialile  as  finnishinjr  infonuatioii  eoneeniing  tlio  flow  of  the  Sin 
Juan  int.)  New  Mexico  an<l  the  .(UKUUit  of  water  available  for  the  u* 
of  tile  Indians  alnn;:  its  iHuder.  as  well  jls  for  use  on  tenets  of  lb* 
puhlie  <loiiiaiii. 

The  w<-ll-knowti  I'liifosii  Miiienil  Sjninfrs  are  situated  ujKrn  the  hemi- 
watei's  oT  the  San  .luan.  and  ii  railroiid  has  recently  been  construMcii 
into  this  territory.'' 

"KMriloina.-Miifiifiiiiii ■riiiiii!ili,-,iuri.iilliir.-"(lliiT.iiimi,MTlln- Stale  BngliiewrfBu^irtt 

hF..rm..n-.1ri„il,.,Mnh.rni.,ii..iM-..i,.-.ii.ii,Kil,i-.ln,ii,uK.t.,.>i».M*IIuj-.U.ieNK«port(rfim.  W 
|.illi1i™ii..ii-  r.S,  ili-nH-Ii'Hl  ■^nrvry.  Kinlil.'.inli  \iiiiiuil  lii'i-n,  l-arf  [V.  j..  LTTR:  NiDeleeBa.IV 
IV,  |<.  im.ii  TBi-i.iiiili.  y„T!  IV.  1.,  ii«i:  Kiill.iiii.  N...  1 1».  i..  ivr,:  Wut<T-SiiH>ly  ""'1  IrrlgathB  hp* 

N.I.  ;i».  11.  :>17.    .M„,  r.inh  lli.iiiii^il  ILfri ..( ili..  i-i ]:imiiii.,Ti.f  C.lu™.!...  j..  MO.     AIwRcv«<«' 

.\BrirHUiir.-  I.y  IrrlK.iliiiii.  Hl.vinli  erii.ii-.  l,>  I'.  N.  N.-iv.-ll.  yy.  tw  WV 

O.l.im.l.i:  Kijil.lti.  ]■.  W":  .Miitli.  j..  ^-i-;  Ti'inl..  [..  Itil.    .Ms.,  |.|]|>U.'hi1<.ii-  l".  S.  (Sivlc^ial  SurvtT 
.nil,  J>Brl  IV.ii,  4i'.i;  THviitlvtll.  PaH  IV,  p,  W. 


QAaiNG  STATION  OH  PIEDRA  RIVER  AT  ARBOLES. 
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Digckatge  meamiremenUt  made  on  Stm  Juan  Rker  at  AHjolrn. — ContiniUHl. 


!>•*-  Hydrc^Krapher.  ,,i;jp-         ^,^^%^^ 


1891).  J-Yfi.  Srr.-/l. 

Apr.    2:^     A.  L.  FellowH 7.«)  1,28« 

May    22   <lo H.fiO  737 

Jiine   2«i   do (5.  15  j  277 

Nov.    26   do '        5.75  127 


I'lEDKA    KIVEK    AT    AKHOLES. 


This  tributary  of  San  Juan  Kiver  risen  among  the  8jin  Juan  Moun- 
tainn  in  Hinsdale  and  Mineral  counties,  in  southern  ()oloi*ado,  and 
floWH  in  a  nearly  southerly  direction  to  its  junction  with  the  San  Juan 
about  one-tjuarter  of  a  mile  west  of  th(»  old  Denver  and  Rio  (jimnde 
Railroad  station  at  Arlx)les.  Very  little  irrij^tion  is  piucticed  upon 
thiH  stream,  and  that  little  is  along  the  lower  course  of  the  river.  It 
is  possible,  however,  to  take  wati»r  out  for  the  irrigation  of  me^a 
lands  lying  along  the  west  side  of  the  stream  between  it  and  Ix>s  Pinos 
Kiver.  The  value  of  the  information  derived  from  the  maintenance 
of  this  station  is  due  to  the  fact  that  it  is  an  important  source  of  sup- 
ply for  the  Indians  along  its  l)ordersand  for  the  owners  of  lands  along 
the  San  Juan  below  their  junction/' 

1  For  more  detailed  information  roneoniin^  thiH  Htatlon.K^t•  Bivunial  ReiN>rtM  of  the  State  Engineers 

of  Colorado:  KlKhth,  ]>.  604;  Ninth.  i».  390:  Tenth,  p.  '3»L    Alwi  publh'utionM  V.  .^.  Geolnffietil  Surrey: 

Bghteenth  Annual  Report,  Part  IV,  p.  2KI;  Nineteenth,  I>Hrt  IV,  p.  411:  Twentieth,  Part  IV.  p.  402; 

Twenty-flrMt,  Part  IV.  p.  29K:  Bulletin  No.  140.  p.  1%;  Waler-Supply  and   Irrigation   PaiKm  No.  IJ, 

p.  71;  No.  16,  p.  145;  No.  28,  p|>.  139,  142  and  145;  No.  38.  p.  3U8;  No.  39,  p.  452. 


S  1 


i  |e|lll 


SAN  JUAN   DIVISION. 


117 


and  minimum  diacharge  and  average  run-off  of  Piedra  River  at  Arbolett  for 
that  portion  of  each  year  covered  by  recordtt. 


ET. 


Discharge. 


Minimum. 


Maximum. 


Nov.  6 

Aug.  11 

Aug.  25 

Nov.  13 

Sept.  6 


Sec.-/t. 
60 

"       23 

65 
27 
25 


Date. 


Julv  12 

rMay  6 

tsept.  24 

May  7 

Apr.  27 

Mav  13 


Amount. 


Run-off.  a 


Depth  in 
inchefi. 


Second- 
feet  per 
fiquare 
mile. 


Sec.-Jl. 


6.70 
2,066 
3,000 
2,398 
1,599 
643 


} 


0.37 

.60 

1.36 
.84 
.35 


0.327 

.540 

1.224 
.763 
.307 


»ff  given  Im  the  amount  for  that  part  of  eat'h  year  covered  by  the  records  and  the  depth 

a  period  of  thirty  days  a.s  the  rate  given  as  the  mean  in  He<;ond-feet  per  square  mile  for 

overed.    The  discharge  given  is  for  average  months  and  the  total  for  an  average  period 

iths  as  derived  from  the  observations.    Details  may  be  found  in  (he  authorities  cited. 

Discharge  meamtremeikt*  made  *m  IHedra  River  at  Arffoiea. 


Hydrographer. 


Gage 
height. 


Dis- 
charge. 


A.  P.  Davis  and  F.  Cogswell 

F.  C'ogsweH 

....do 

....do 


F.  Cogswell 

do 

do 

do 

do 


F.  Cogswell. 

do 

do 

...do 

. .  .do 

do 

...do 


A.  L.  Fellows . 

do 

,  -  . .do 

G.  H.  Matthes 
A.  L.  Fellows . 
do 


fy-ti. 

SfC-Jl. 

3.90 

606 

8.20 

235 

2.iK) 

140 

2.80 

115 

3.90 

544 

2.90 

109 

8.05 

189 

8.70 

405 

8.00 

179 

5.  20 

1,429 

5.  (i5 

1,629 

4.20 

677 

8.10 

280 

2.00 

65 

4.  15 

675 

4.00 

586 

4.80 

1,158 

4.  52 

987 

5.  10 

1,815 

8.10 

195 

8.  a5 

\^ 

^I,^ 

\     ^1 

I 
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WATKR   RE8i)URCK8   OF   COLORADO. 


[m.%  IL'- 


fPinrhartff  mtfunimneitln  m*iiU  nt»  ISrtIm  htvrr  tii  «-lrArV<ft»—0»ntiinied. 


I>Htf. 

I 

Apr.  r,  !  A.  I..  P'tlloWH 

May  11*    .1.. 

Juih-  2e>  ' •!••    

Nov.  LNi  ! ilo 


llyilniicrNphiT. 


heiirht. 

••hmt 

F'^t. 

Vr.^ 

3.Hn 

in 

X¥\ 

!3 

2.9(1 

111 

2.  HO 

# 

\AtA   IMM»H    KIVRK    AT    KiN.M'in. 


This  strctiin  di-uiiis  the  country  near  the  wostorii  end  of  the  Sift 
Jimii  I{2in^caii(l  the  southern  sK)|)cof  the  Needle  Mountains.  Itftoii 
in  :l  southerly  direction  for  iilKUit  50  miles,  crossintj  the  Colorado Bm 
alH)ut  5  miles  south  of  Iak  IkMni,  on  the  Denver  and  Rio  Grande  Bul- 
road.  The  valh'V  is  in  jrenenil  wider  than  the  valleys  of  the  Piedit 
and  San  Juan,  and  irrijfjition  is  nmre  extensively  pnict  iced  along  the 
iNU'dei's  of  the  stn*am.  A  numlnu'  of  canals  have  iK'en  ccmstructcdbv 
the  (iov<'riunent  for  the  iNMietit  of  the  Indians  lo<*ate<l  on  the  ItottoDk 
lands.  Several  irripition  canals  have  also  lieen  pn>jectetl.  and  survejif 
have  been  made  hy  j)rivate  parties  for  the  purpose  of  taking  cutwater 
to  the  adjacent  nH».sas.  The  .station  is  imix)rtant  as  giving  information 
concerning  the  su])])iy  of  water  availa]>h'  for  the  use  of  the  Indiaus 
and  of  white*  settlers  as  well.  The  Indians  have  in  general  taken  lamU 
in  >c\cr:ilty  in  the  tii'*^!  ijottoui  lands  of  the  stnMim.  hut  since  the  res- 
ervatinii  \\:i>  tlM<>\Mi  i^\>v\\  many  white  .settlei*s  have  lih^l  on  luiuk 
higluT  up.  riic  normal  supply  of  this  stream  will  prolwihly  eventii- 
allv  i)!o\  r  iii^nlli»iciit  for  iiriiration,  and  this  mav  !)«»  true  even  with 
storaL'"c.  Tlicii"  aic.  liowrvn-,  somr  very  liin*  reservoir  sites  ujK)n  the 
head  wains  of  tlic  stream  wliich  mav  i)e  used. 

riic  irairin*:  station  is  located  at  the  suhairencv,  ahout  2  miles  north 
of  the  station  (d'  tlic  l)cnv(M'  and  Kio(irande  Railroad.  The  channel 
is  faiily  suitable  at  this  ])(Miit,  IxMiig  of  gnivel  and  lK)wld(»i*s,  and  ha> 
sullered  little  change  since  the  station  was  esUihlished.  Measurement^ 
are  Usual Iv  made  at  the  wa^ron  hrickn*.  to  which  the  rcnl  is  attached. 
hut  mav  at  times  of  low  watei-  he  made  hv  wadinjjf.  The  channel  is 
fairly  stal)le  at  this  point,  the  hank*^,  although  low,  not  heing  particu- 
larly liaMe  to  o\eitlow.  Records  have  been  irregular  and  unsjitisfac- 
toiv.  hut  a  tahle  is  compilecj  fiom  the  few  that  have  been  sent  in." 


"  F«ir  Jimri'  «lii;iil<<l  ilnlu  «oii(«rtiiiiL.'  t  In*  •>lMti«iii.  ^i-,-  Ttiiih  ]{i«-iiiiiiil  K<*i><^>rt  of  lln*  SOU*'  KnKint''-'f 
i»f  ('ol«nailt».  i>  .'..'A\.  .\K«>  |>iii>!u  .itiiiHs  r  ^  <  tiiil(ii:i«  jii -^iirxcy  T  vv«'H  I  y-fip«t  Annual  Rt.*|H>rt.  Part  IV. 
|i.  ir.r'    NNnti-r  <u|i|>ly  hikI  Irnualioii  I'hjmt-.  Nu.  :>    p.  .;ii'.«.  N<i.  .;'.».  p.  I.VJ.  No.  .'in.  p.  ;j.>o. 


•  »♦ 


''  ''SAH  JUAK  DIVIBIOir. 


m 


MMmmi  ma0tUif  duhkoffe  t^  Lo$  Pimm  Jefaer  di  Igmteh; 

"'-'i  '     [Altltiille,<4tefeeC;dniiiM««n*.460iqiuiremUM.] 


I , 


■■    :■■■'::■?- 

nth. 

I-  I"    i  .    .. 


90. 


Wmbrntgn  in  noond-ftet. 


MtxK 


to21 
900. 


947 
006 
062 
1,346 
264 
292 
124 
09 

101 

61 

141 

198 

1,326 


Mini- 
mum. 


Iffeui. 


180 
264 
124 
49 
36 
36 
89 
49 

61 

61 

61 

101 

785 


Totft]  In  ftore- 
fuet. 


479 
530 
469 
289 
349 

62 
127 
103 

59 

82 

61 

94  ! 
166 
998 


Raii-€0. 


29,693 

32,588 

27,907 

17, 770 

21,459 

3,689  I 

78,068  i 

6,129 

3,628 

5,042  I 
3,388 
5,780 
9,878 
61,365 


Second- 
ten  per 
•fiaAre 
mtle. 

Depth  in 
Inohea. 

1.11 

1.24 

1.18 

1.36 

l.(M 

1.16 

.64 

.74 

.77 

.89 

.14 

.16 

.28 

.32 

.23 

.26 

.13 

.15 

.19 
.13 
.21 
.36 
2.22 


.22 
.13 
.24 
.40 
2.56 


Diaeharge  measuremntU  made  on  Iam  l*imm  Hirer  at  IgnitMtK 

[Hydm^rapher.  A.  L.  FcUowm.] 


I>At4\ 


1899. 


1900. 


i.U. 


*»  < 


height. 

Fhi. 
3.20 
3.40 
2.80 
2.60 

2.60 
3.50 
2.00 


Dlflcharge. 


437 
577 
244 
124 

137 

A(M 

25 


FLORIDA    RIVRK    AT   KTKWAirr'H   RANl'll,    NKAR   I>1TRAN(]4>. 

"eiun  is  u  tributary  of  Aniinii.s  River,  and  dmiiis  the  country 
)ly  wewt  of  that  drain(»d  by  the  Los  Pinos.  Irrigation  is 
y  practiced  along  this  stream,  particularly  along  its  lower 
d  the  supply,  being  insufficient,  is  exhausted  early  in  theirri- 
Bon.     Owing  to  the  fact  that  there  ate  \uc^  t»RX»  ^\  >3N5A 
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aloii^  tlir  stn^in  timt  iiii(rht  lie  cultivated  if  there  were  enough nki^ 
a  i)rt>j«*('t  lias  )>ini  t'onsidortKi  for  f<toring  water  in  the  upper  poitia 
of  tho  dniiiia^*  liusiii.  The  hind  is  jiarticularly  valuable,  beinglodfei 
near  tht*  city  of  Duranjro  and  lieing  at  such  an  altitude  that  wheilBl 
othcM*  ^rrains  may  lie  most  su4*ce8sfully  raised.  The  station  wi8  DM' 
tained  for  ti  ixirtion  only  of  one  summer,  with  a  view  to  ucertUBUi 
the  lii)rh-wut(*r  clJM'har^*.     The  data  thus  derived  are  ^ven  infuIL' 

Kulimtiinl  mnhlhltt  dinrhargr  of  Fitjrida  Rhvr  at  [hirango. 
|l)niliiHiei*iin'tt,  lV>M|u«rv  mllm.] 


UiM'liHrirv  ill  Neciiiid-fivt. 


Run-fiC 


Ml  111  til. 


Miixi- 
iiiiiiii. 


Minl- 
iniim. 


Mvttii. 


Total  in  acre- 
fwt. 


Second- 
fc«tper   Depikii 

mile. 


ISJRI. 

MiivLM  !..::i 

Jlinr IL'I  12 

Jnlv L'll  « 


I 


kf^Hi 


r 

Ir  ■  -■ 


6H 
45 


8,547 
4,04<S 
L\  7«7 


l.(K        l.tt 
.50         .» 


Tlir  only  pijriiijr?*  nuidt'  in  tin*  ye4ir  lS9i*  are  as  given  hc»low: 

tPitfhtinjr  nittwurtintiits  mnih-  mi    Florhift   liirrr  at   Jhirfih{f*». 

JIxiInif^niplHT.  A.  L.  FcIIowj*.] 


hall 


|s;j«». 


May  \M 
.lillic  lm 


.70 


9 


VMM  \>    i;i\  Kli     \r    in  KANliii. 


This  stn'jmi  i>  th«'  lar»r<*>t  trihutarv  of  tho  San  Jiinn,  and  derives 
its  \vat<*r  from  the  ln«^'li  niniintains  abovo  Silvi»rton.  dniining  portioib 
of  tlio  NtH^llo  and  La  Plata  mountains,  in  addition  to  the  anni  south 
of  Mount  SnotlVIs  jmd  livd  Mountain.  Tho  rountrv  drained  l>v  this 
stn»am  an<i  its  ti'il>utari«»s  is  ir»MHM*allv  verv  niountiiinous  down  to  a 
I)oint  aWout  I'J  milos  al>ovt'  tho  ritv  of  Duranjjfo,  wluM^e  the  vttBoy 
broadens  out  to  such  an  oxtont  that  irripition  is  (extensively  pnicticod. 
Tho  supply  of  wattM'  is  proliahly  moiv  than  ado(}uate  to  meet  all 
demands  for  irrij^ation,  althoutrh  a  uuiuIkt  of  projects  are  InMnj^  t*on- 

"  Fur  inDriMK'tiiilttl  <lata  iMiiu'fniiii^'  thin  statiun  ^-oi-  Truth  Bifiiiiial  Rt'jKirt  of  the  State  KiiKint^T 
of  (\>lora(1«i,  p.  :U(K  Al^^o  piililicalions  r.  S.  <;t»i»lo;;i<jil  Survey:  TwiMily-Ilrsl  AiiiiuhI  Keinirt.  I'art  IV, 
p.  :ttili:  WaUT  Sii|i|>ly  ami  Irrigation  I'mMT*.  No.  :>.  p.:{ir.  ainl  N«>.  :W.  j),  4r»2.  AIno.  UoiH»rt  <»ii  AKrloul- 
Xnrv  by  Irrigation.  Klrvi  iiili  CtMisiw.  l»y  F.  II.  Ne\vrll,i».Ut;. 
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udered  with  a  view  to  using  the  waterH  of  thin  river  and  of  iti^  tril)u- 
taries  for  the  development  of  power,  both  directly  and  through  the 
fcntnsmission  of  elei^tricity.  An  important  project  has  also  been 
undertaken  for  the  construction  of  a  large  <«nal  using  the  water  of 
the  Animas  Kiver  in  New  Mexico. 

The  station  is  located  at  the  wagon  bridge,  a  short  distance  w(^st  of 
the  railroad  station  at  Durango.  In  18S9  a  new  bridge  was  con- 
structed, rendering  the  new  station  much  more  8atisfa(*tory  than  the 
old  one  had  been.  The  stream  is  usually  gaged  from  the  wagon 
bridge,  but  may  at  very  low  water  be  gaged  by  wading.  The  channel 
18  of  lx>wlder8,  and  is  fairly  stable,  although  occasional  changes  (H*<*ur. 
The  banks  are  high  and  not  liable  to  overflow." 

nVor  more  detailed  information  concerning  this  Mtation  k(i>  Biennial  ReportM  of  the  State  Engi- 
liceni  of  Colorado:  Eighth,  p.  510;  Ninth,  p.  392;  Tenth,  p.  342.  AImo  publicatioiiH  V.  S.  Gci»loglcal 
Bnrvey:  Eighteenth  Annual  Report,  Part  IV.  p.  2K3:  Nineteenth.  I*art  IV,  p.  414;  Twentieth.  ]*art  IV, 
p.  408;  Twenty  flrKt,  Part  IV,  p.  301;  Bulletin  No.  140,  p.  19K;  Water  Supply  and  Irrigation  PaiM>rH,  No. 
U,  p.  72;  No.  16,  p.  146;  No.  28,  pp.  189,  142,  and  145;  No.  'Ms,  p.  310;  No.  39,  p.  4.'V2;  No.  fiO,  p.  :«J.  Also, 
Keport  on  Agriculture  by  Irrigation,  Eleventh  C^ubum.  by  F.  U.  Newell,  p.  116. 
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and  minimum  di$charffe  and  average  run-^ff  of  Aywmae  River  at  Durangofor 
thai  portion  of  each  year  covered  by  records. 


ear. 


Discharge. 


Minimum. 


Date. 


rAug.  12 

IDec.  15 

Aug.  26 

Aug.  27 

Nov.  19 

Apr.  6 

Feb.  17 


Amount 


} 


SeC'/L 
208 

138 
325 
125 
138 
122 


Maximum. 


Date. 


Aug.  14 

Sept.  24 

May  25 

June  23 

May  14 

May  28 


Amount 


Run-off.  a 


Depth  in 
inches. 


Sec.-Jt. 


990 


3.82 


''7,800 

10.18 

5,870 

22.61 

4,677 

14.25 

3,240 

9.09 

3,830 

9.58 

Second- 
feet  per 
itquare 
mile. 


0.48 

1.00 

1.66 

1.05 

.89 

.69 


i-off  given  Ih  the  amount  for  that  part  of  each  year  covered  by  the  reoordn  and  the  depth 

T  the  time.    Detail8  may  be  found  in  the  authorities  cite<l. 

mate. 

Discharge  meagur^menpi  nujule  on  Animas  River  at  Durango. 


Uydrograpl^er. 


4  ..  I  .  > . ■    t 


y.  Cogswell 

..-.(U> 

do 

do 


F.  Cogswell, 

....do 

....do 

....do 

....do 


Gage 
height. 


Feet. 
6.50 
5.80 
5.  40 
5.20 

0.  :^5 

5.80 
5. 50 
7.40 
5.  50 


Dis- 
charge. 


See.-Jl, 

1,893 

.543 

328 

260 

1,063 
590 
360 

2,566 
414 


F.  Cogswell. 

do 

do  .... 

do 

do  .... 

do 


d 


<lo 


A.  L.  Fellows. 

do 

do 

G.  H.  Matthej^ 
A.  L.  FellowH. 
do 


2,176. 

i).20 

4,786 

7.85 

2,  534 

6.10 

997 

5. 10 

328 

().  05 

905 

«>.  50 

1,121 

(5.  50 

1 ,  :^56 

7.25 

1,797 

H.  55 

3,  475 

5.20 

414 

^.<^1 

I     ^15^ 

\1^ 

\\    \VJ«^ 
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IHmli'inj,  M...u»ir«H>'n(j<  ™.n/r  •»!  Aiiimia  Riifr  at  iMiTtinffo—CoiHiawA 


]S!Hl. 

A|.r.    L'1  A.  I..  K.-l 

Mav    l!i   .Ii>  .. 

Ki'lrt.    l***    .1..  .. 


IINNI. 
\[ur.     2ii      A 

I..  K..1I..W,. 

Muv      11 

..,i.. 

...1" 

MiuK'iis  iiiviT  rises  oil  till-  .south wt't^ter II  slopes  of  tha  Ia 
Muiiiituiiis  mill  flows  ill  u  }fi-iit>mllv  southwej^terly  direction,  enq|fi^ 
intii  thr  Sin  .liiiin  at  it  jHiiiil  iilxiiit  it  iiiilos  eaxt  of  the  Boutbwfl^||nti 
of  the  Stiiti-  of  Colimiilo.  or  the  Kotii-  (.'omen*.  Tli'e  upper  pof^BRf 
tlic  «lmin;i;;e  i>  iiioiiiit;iiiioii>,  mid  little  irri^ration  Ik  ^xtsxiMe  until  ^ 
Viilli-y  linKuli'ii-^  oiil  ill  the  vieiiiily  of  the  town  of  ManccM,  where  all 
of  the  tiididiici  How  of  the  streiiiii  is  iisitl,  Enoujrh  wiiter  goe"  t" 
wiisli-.  iii>wi-s  ei.  at  hi-rli  >)iifres  In  iii-ij,iite  prolialilv  iill  of  tho  HViiilal'le 
Ullld  illoli-r  llle  sli-,.jiltl  if  il  rolllii  l)e  in-ojH'Hv  ston-ii.  For  the  lustW 
iiiile^of  it>  .oiiiM'  I  hi'  siieiirii  llo»>  llnonjrh  the  Mcsii  Verdo  iiiwliati- 
known  as  tlie  Miin.-o>  Canyon.  Ilii-  lyiiij,'  in  the  Southern  I'tc  Iiidimi 
Keservalioii. '  Witii  }iliTit>  of  wati>r.  considfi-ahh'  huifl  iiii;jlit  he  irri- 
jral'il  for  till-  lii'netil  of  the  lixllan-  in  ihls  canyon.  Imt  under  existing  I 
comlilioiis  tile  stivain   is  dry   diiiiiij;  a  ifreater  piirt  of  the  sumiuer 

Till'  slat  ion  is  loealeii  at  tlip  town  <if  Manetw.  «  short  distaiK-e  l>elo« 
a  wajron  l.rid^'e  rn'ar  tin-  Lenli-i'  ••(  tlie  town.  A  iiuillher  of  ditfhcs 
take  iheir  siijij)ly  of  water  at  points  aUive  the  station  anil  a  number  of 
otiiers  are  loiat<'<l  Ih-1ow.  'I'lie  •■hannel  is  not  ;f  nivcl  lind  is  somevbat 
sliiftin;:.  Die  l>i-d  ehan<ftn<r  so  nuich  in  the  yiiir  liHH)  thut  no  ratil^ 
tahlewas  iiossil.le  for  tliat  viar.'' 


iiru  o(  the  StKlB  B«)- 
■m  tiiirvi-r;  TmbUcU 
■ii<l  trrfmUon  Vt^m, 


O  JUNCT\ON. 


■f 


m 


\h 


f 


:: 


'»., 


;ii: 


I: 


!? 


.L0W8.J 
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EttimaUd  mmUhly  discharge  of  Marietta  River  (it  Manc<}i*. 
[Altitude,  6,W0  feet;  draiiiafrc  area,  117  nquare  inilcM.] 


Month. 


Diacharge  in  Hoeond-feet. 


I 


Maxi- 

mnm. 


Mini- 
mum. 


Mean. 


Total  in  a<Ti»- 
feet. 


Run-<)fT. 


Se«'ond-  i 

feet  per     Depth  in 
wiuarc       in<'he«. 
mile. 


1898. 

irit-h" 

►T.  10  to  30... 

^y 

ne 

Iv 

IRUrt 

E>tember 

tober« 

»vember« 


1899. 

^Fch  « 

^inl 

l>r 

He 

ly 

iguat 

pt4^nil)er 

"tober 

►vember" 


375 
270 
291 

:«3 

12 
12 


123 

144 

144 
*) 

8 
3 


91 
144 

81 

19 
102 
123 

60 


5 

19 
o 
3 

8 


50 
2rtl 
206 
213 
104 
9 
t 

5 
3 


90 
42 
74 

:« 

9 
41 


3, 074 

0.  43 

0.49 

15,531 

2.2:^ 

2.49 

12,667 

1.76 

2. 03 

12,674 

1.82 

2. 03 

(i,  395 

.89 

1.02 

553 

.08 

.09 

399 

.06 

.07 

:W7 

.(H 

.04 

179 

.03 

.a3 

51,779 

.82 

8.29 

5,534 

0.77 

0.  89 

2,499 

.:^ 

.40 

4,550 

.63 

.72 

1,964 

.28 

.31 

5:^:; 

.08 

.09 

2, 521 

.:i5 

.40 

1.964 

.28 

.31 

1 ,  353 

.  19 

.22 

298 

.04 

.04 

19,268 

.:^ 

:i.  07 

rt  Approximate,  no  otjservHtionx  U-iiiK  niHdo  MiiHiik  thesr  peri(»<|s. 


JHjwharf/e  iin'iiHurrnu'ntx  inatir  ntt  Mitiicos  Jiirrr  tit  Mam-tut. 

[IIy<lrojrniph»'r.  A.  L.  Fi'llow^.) 


►r.  9.. 
^y  14. 

tie  18 
t,  18. . 


I)Ht<-. 


189S. 


'i^ln. 

DisrhjirKo. 

1 

/•>//. 

.V  <•.-/■/. 

1 .  80 

102 

2.  20 

185 

2.  (H) 

159 

.80 

3 
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JHnrharfje  nwamiremenU  made  on  MancoB  IHver  <U  Majicos. — Continaeci. 


Date. 


1899 

Apr.  19 

May  18 

June  28 

Sept.  22 

N<)v.24 

1900 

Mar.  2:^ 

Mav  7 

June2H 

Aug.  12 


heJghL 

DiwhAnire. 

Ffrt. 
1.65 
1.60 
1.10 
.90 
1.00 

1.05 
1.80 
1.70 
1.40 

70 

56 

9 

2 

3 

4 

82 

16 

2 

MISl'ELLAXEOrrt    INVKHTKiATIONft. 


A  nuinbor  of  misccUancouH  gaging^  have  been  made  at  different 
points  in  this  division,  and  are  given  in  the  table  below.  Most  of  these 
were  taken  during  an  investigation  looking  to  the  irrigation  of  lands 
belonging  to  the  Southern  Ute  Indians.  A  full  description  of  tte 
investigation,  with  a  statement  of  its  results,  may  be  found  in  the 
Twentieth  Aniuial  Report,  Part  IV,  pages 408— 134,  and  in  tlie  Twenty- 
first  Aniuml  Report,  Part  IV,  page  2S6  et  seq. 

No  soepagr  ineusunMnents  have  V)e(Mi  made  upon  any  of  the  stream.^ 
of  this  region,  })ut  it  is  likely  that  the  return  from  seepage  is  slight, 
as  the  stratification  is  such  as  to  make  any  great  returns  improbable. 

This  region  is  also  discussed  in  Ilayden's  Rejxjrt  for  1S75. 

)fl.<<4-»'//fnnniis  ifisclniri/r  tmot<in'rin('}ifi<  of  Sfiu  Junn  IxivtT  nml  trihiitaricif. 

lHy<Ir(»Knii>luT,  <M'n«nl  II.  Matthes.] 


I»at<-. 

18<»S. 
Au^.        ♦) 

Aujr.  7 
Au^'.  10 
An^'.    IS 


St  renin. 


Ii<M"alitv 


Dw'harv't'- 


i.os  J*inos  River <>  inilc.^  ahove  I^nacio 

<lo 4  miles  Ik'Iow  Ignacio 

La  ]*lata  Kivcr Hesperus 

San  Jnau  River ,  Nnland,  Utaii 


Sept.    lM   ' «ln «lo 


1S«)H. 

Sept.    l.S 
Oct.      14" 


Maiieos  River i  ]Iea<l  <»f  eany«ni 

.do hi  Man('(>s( 'anvoii 


Str.P. 

]\^ 
11 

3 

100- 


<«  Kstiinalr*!  (iischurgr  for  sfvenil  hours  foll(t\vinm'  a  hoavy  rain. 
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GRAND  RIVER  DIVISION. 
IBRIGATION. 

rand  River  ih  the  larn^t  Htreani  in  Colorado,  and  drains  thogrctat- 
berritor\\  The  main  Htreani  riHe^  in  Middle  Park,  in  north-<«ntraI 
:>rado,  and  drainn  the  mountainous  <x>untry  on  thr  west  side  of  the 
nt  liange  and  the  south  side  of  tho  Continental  Divide  in  Middh'. 
k.  The  Grand  River  and  all  of  its  tributarieH  flow  through  nioun- 
ou«  regions  for  considerable  portions  of  their  courses,  and  then 
erally  enter  a  country  the  surface  of  which  is  usually  undulating, 
at  times  Imdiy  broken  by  deep  canyons  and  mvincs,  the  })ottonis 
these  (ranyons  Y)eing  sometimes  valleys  of  considerable^  <»xtent,  and 
in  narrowing  to  mere  threads.  Along  these  canyons  and  valleys 
often  mesas  of  varied  breadths.  Cponmost  of  the  streams  of  this 
ision  but  little  irrigation  has  Iwen  practiced,  i»xcei)t  along  the  low- 
valleys.  There,  are,  however,  a  few  exceptions  to  this  ruh^  the 
it  notaV)Ie  ones  l)eing  the  Cmx>mpahgre  and  Dolores  rivers,  whii'h 
I  be  described  more  fully  latter.  Upon  some  of  tlie  streams  —as, 
example,  the  San  Miguel-  -a  great  deal  of  water  is  used  for  the 
pose  of  developing  power,  the  supply  upon  this  stream  ])eing 
dly  adequate  to  the  demands.  CV)nsiderable  power  is  developtul 
)n  other  streams  of  this  I'egion  also,  the  San  Miguel,  the  Ijake 
rk  of  the  Gunnison,  and  the  Dolon^s  being  examples.  Owing  to 
(omparatively  small  amount  of  land  tliat  can  Ih»  irrigated  along  the 
in  stream,  only  a  small  proi)ortion  of  th<»  water  in  this  division  has 
ii  used,  but  a  numl)er  of  projects  are  under  coiisidemtion  with 
iew  to  div(»rting  the  water  in  great  canals  to  the  fertile  mesas 
ng  the  various  streams,  and  in  one  case  -  lumu'ly.  tlie  (ilunnison 
'cr — of  taking  water  from  that  stream  through  the  Divide*  for  the 
:pose  of  irrigating  lands  in  another  valley  the  rncompahgre. 
other  great  project  now  under  considenition  is  that  of  taking  the 
ter  of  Grand  River,  by  means  of  a  very  larg<'  canal,  to  the  uplands 
the  western  ])art  of  Colorado  and  tlw  eastern  part  of  Utah. 
L  number  of  the  smaller  tributaries  of  the  (imnd  and  its  branches 
nish  a  supply  that  is  inadecjuate  for  the  demands  of  irrigation,  and 
rage  is  resorted  to  on  a  number  of  these  streams.  Surface*  Cn^ek 
I  Roan  Creek  InMng  exanij)les.  The  crops  of  this  region  vary  with 
altitude,  onlv  hav  and  ifrain  beiniif  raised  at  the  hiiifher  elevations, 
lie  fruits  of  an  almost  tropical  nature  may  b(»  raised  where  the  (irand 
sses  the  State  lint*  into  Ttah.  A  beet-sugar  factory  has  been  Icx^abHl 
irand  Junction,  and  is  su<'cessfully  oi)enite<l. 

rrigation  division   No.   V,  the  (Jrand  River  division,  covers  the 
is  irrigated  by  the  (irand  and  its  tributaries.     The  relations  exist- 
between  the  different  districts  of  this  d\v\v!»\m\  vu^\\oV»^v^  vV5^?!fc'«>a. 
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is  usually  th<'  t^si'  in  the  (^aHterii  half  of  the  State.     Except  in  i 
cases  the  diffen^nt  districtn  are  not  interdependent,  so  that  the 
in  nnv  district  is  generally  used  without  much  reference  toothers, 
iN'in^  usually  due  to  the  fact  that  eiu^h  ntream  flows  into  a  riven 
larjjfc  (the  (rrand)  that  itw  supply  ha«  not  yet  l>een  exhausted, 
will  not  lon^  remain  the  ca^e,  however,  and  eventually  the  intei 
|M>ndence  of  the  diffeivnt  dintrictA  will  undoubtedly  \h^  aliuoet  an 
as  it  is  uiH)n  the  South  Platte. 

There  are  2<>  districts  in  this  division*  for  the  names  and  boui 
of  which  see  Biennial  Ke|X)rts  of  the  State  Engineers  of  Col 
For  map  see  IM.  I  of  this  {mj^er,  i>.  2<>. 

STKKAM    Ml-l^HUKEMKNTS. 

The  following  stations  have  l>een  maintained  for  a  length  of 
sutticiiMit  to  wiirraiit  publication  of  the  records,  mea.surement»at( 
stations  bein^  ^iven  in  the  list  of  miscellaneous  measurements  fori 
division.    These  stations  are  at  (ilenwood  Springs  and  Grand  Jimc&iil 
on  (inuid  River;  lola  and  Grand  Junction,  on  Gunnison  River;  Foitl 
Crawford  and  Montrose,  on  Uncompohgrc  River;  Dolores,  on  Doloi«| 
River:  and  Fall  Creek,  on  San  Miguel  River." 

I  i  KAN  I)    KIVKK    AT   (il.KXWCK)!)   HPRINCIH. 

This  st4iti(>n  was  located  May  12,  IStM),  at  the  request  of  the  Denver 
and  Kio  (Jiiiiidc  Railroad  Company,  at  the  niilroad  bridge  one-quarter 
of  :i  mile  w<'st  of  the  (h'pot  and  just  aln^ve  the  numth  of  Roaring  Fork. 
A  wire  i^n^i'  was  used  at  this  point,  }>ut  reconls  were  kept  up  during 
tlic  stu^e  of  hi^h  water  only.     On  January  I,  IIMH),  a  new  gago  rod 
was  locattnl  near  the  (ilenwood  Springs  electric-light  plant.     Measure- 
ments arc*  made  fioin  the  wat^^on  bridge  across  the  river  near  the  rail- 
road station.     The  channel  is  good,  being  composed  of  gravel  and  of 
rock,  and  is  not  liable  to  great  change,  and  the  banks  are  high  and  not 
sii})j<'<t  to  overtlow.     (Jagings  are  made  from  the  bridge.     The  station 
is  of  inn)ortanee.  as  it    furnishes  a  good  idea  of  the  flow  of  Granc 
River  availal)le  for  the  great   irrigation  i)rojects  contemplated  ix»lov 
mea>urem<Mits  beinir  made  of  Koarinyf  Fork  also  whenever  thev  ar 
made  at  the  (ilenwood  station.' 


"  For  liirilHT  «I«'».«Tiiitloiis  of  this  «livi^i«iti  sjm-  HMycU'n'x  Uoitort  «)f  iHT.'i.  Als«»  piiblicAtidtvl'- 
(MMilo^riciil  Survi'v:  Twtlfth  AimuMl  Report.  I'urt  11.  p.  L^iO:  Kiphteeiith.  l»HriIV.  p.  2»X»;  NlneU^t 
Part  IV.  p.  :{«►().  Tweiitirth.  Part  IV.  p.  :;7:'.:  T\v«iityiir>t.  Part  IV.  p.  '280:  Bulletin}*  No.  13.  p.  17:  > 
1  Ml.  p.  In"..  aiKl  Wati-r-Siipply  ami  lrriK»ili<>ii  I'aju-p^.  Also  Kc|K)rt  on  Agrieullurv  by  Irrigation,  Eh 
filth  Crnsus,  l>y  F.  II.  Nrwrll.  For  aKriiultural  '^tati«'ti«*s  s<m'  Biennial  Reporti*  of  the  State  EngiW 
«»f  l'«»lora<lo.  * 

'•  Forinon*  spfcilic  hiforniation  roiicrrniiiK  this  station  v,'  Tenth  Biennial  Report  of  the  S> 
KiiK^ineer  of  ('(ilora«lo.  p.  :{'h»:  Water-Supply  an<l  Irri>,Mtioti  I'apeiN.  F.  S.  (Jeolog-ical  Survey,  Ko. 87. 
'^X\:  No.  •'»<).  p.  :?7.'».  and  Kciiort  on  AKriciiliuri'  by  Irrigation.  Kh-venth  Census,  by  F.  H.  New 
p.  ir-J. 
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Ettimaied  monthly  dtKharge  of  Grand  Rirer  at  (rlenwttwl  Springn. 
[Altitude,  5.743  feet;  drainaKi>  area,  5,K3S  miuart*  milefi.] 


Month. 


I 


DiHCharRe  in  mMfiiid-ftn^t. 


MAZi- 

I    mam. 


Mini- 
mum. 


Mcttn. 


I 


Kun-off. 


ToiHl  in  mr...   |  ^^,^^^^ 

"^'-  feet  per     Depth  in 

Hquan*       inrheii. 
mile. 


V 


•er. 


er, 


970 

935 

1,460 

3,940 

22,895 

22,390 

7,270  i 

1,460 

870 

755 

935 

840  i 


810 
810 

{m 

1,120 
3,  245 
7,622 
1,515 
9:^5 
755 

/DO 

728 
570 


890 

88:^ 

1,187 

1,818 

ii,iM>:{ 

14,817 

3,  121 

1,134 

800 


755 


805 
6H1 


54,  724 

49, 031> 

72, 896 

108, 178 

735, 577 

881,673 

191,90:^ 

()9,  727 

47,  (i03 

46, 423 

47,  \m 

41,873 


leyear 22,895 


570       3, 238         2,  :J47, 607 


0.  15 
.15 
.20 
.31 
2.a5 
2.54 
.54 
.19 
.  14 
.  13 
.14 
.12 


0.17 
.16 

.2:j 
.:^5 

2.  ,36 
2.8:i 
.62 
.  *•» 
.  16 
.  15 
.  16 
.  14 


Dim'luinje  vuwmremviitu  uutdv  on  (irnnd  Hirer  at  (iii'tunHrtt  S/rrhitjtf. 

[HydroKmpluT,  A.  L.  hVllows.] 


DhU'. 


h'JiX.  '"-""«••• 


18?)9.  Fit  I.  S*r.-n. 

6. 05  1 7, 577 

10. 22  2i),  187 

er  17 2.75  1,084 

ItHK). 

i) :i.KO  1, 140 

5. 40  :i7VA 

13 3.  (>0  1 ,  086 


GRAND    KIVKR    AT    <  J  KAN  I)    .UNCTION. 

station  was  ostablislird  Octoher  18,  18m,  luul  is  lonitcd  at  the 
^agon  bridge  acro.ss  (Tnmd  Kiv<'r  iiojir  tlie  piiiiip  house  of  the 
terworks  at  (irand  Junction,  ii  short  distance  above  the  mouth 
nison  River.  The  (Irand  at  this  point  discharges  through  two 
Is,  and  a  separate  n»cord  of  each  is  maintained,  recjuiring  sepa- 
scharge  measurements.     During  th<»  last  four  years  by  far  the 

part  of  the  water  has  run  through  the  left  channel;  during  the 
K)0  there  was  a  flow  through  the  right  channel  for  but  a  .short 
Gage  rod  No.  1  is  attached  to  the  pier  on  the  right  baukoi  tbi^^ 
7  tbe  lower  side;  gage  rod  No.  2  consists  oi  «l  Vvt^^xA^^v^^S^ 
?«  74—02 9 
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fMtened  to  the  upper  aide  of  the  bridge  over  the  left  rhetenl  1 
chennel  10  sandy  and  shifting,  and  the  dieehurge  mast  therefon 
oonridered  as  approximate  only.  Owing  to  the  small  nomiier  of  ■ 
urements  made  and  to  the  changes  in  the  channel  it  has  been  fn 
impracticable  to  construcrt  rating  taUes  covering  the  entire  pai 
so  that  the  discharge  for  1885, 1896,  and  1900  are  not  given.* 

EtInmMled  loiai  motUhljf  di9diarge  qf  Grmid  Mt^ 

[AltltiMle.  ijm  feet;  dniiiM«  uw.  MM  Miiiue  ■!!«■.] 


ModUi. 


DIeeliBive  In  eeeond-ieet. 
Mui-        Mini- 


1807. 

January 

Febroary 

March 

April 11,476 

May 37,960 


June 

July 

AugUHt 

September. 
0^>ber  ... 
Noveinl)er . 
IXHvnilM»r  . 


37,008 
15,006 
5,470 
2,650  I 
2,350  I 
1.820  ' 


1,280 
12,785 
15, 618 
3,400 
1,720 
1,640 
1,560 
1,455 


TIm>  vi-ar '  .S7,*.»r>0 


*1,000 

M,060 

*1,100 

3,788 

29,486 

25,850 

8,880 

3,000 

1,803 

1,813 

1,663 

ftl,550 


Total  In 


»61,488 
»58,814 
*67,6S7 
221,634 
1,809,948 
1,508,429 
542,936 
184,468 
107,286 
111,478 

1^05,  :)06 


■q^ 


*ai2 
*.is 

Kit 
.43 

3.41 

198 

1.02 

.35 

.21 

.21 

.19 

ft.  18 


A« 


I 


I    .. 


iK»K.  I  ; 

Janiiar\' ' | i  ''  2,  M4 

tVbruarv ' j ''2, 985 

Manb ' ''2,113 

April ' '  'M,.m5 

May '.  12,(>42  ■     4.<v« 

June 17,262'     8,279 

July I     7,611  I     1,725 

August I     1,725  !        949 

SeptvmlHT I     1, 148  |        561 

October '     1, 14.S  i        561 

Novenilwr 1,3:^7  i        755 


4,  H67, 773  I        . 78 


-ft 181, 020 

ft  165,  777 

^129, 924 

^256, 165 

4:)8,406 

815, 326 

273, 312 

69,297 

53, 970 

56,261 

63,788 

62,164 


I 


*.34 

6.35 

ft.  24 

ft. 50 

.83 

1.59 

.51 

.13 

.11 

.11 

.12 

.17 


Tbeyear 17,262. 8,555;      2,565,410  .42  i 

o  For  iiKiru  detaiktl  iiifonnatirm  conceminK  this  station  hcv  Biennial  Reports  of  the  State  Ei 
of  Colorado:  Eighth,  p.  634;  Ninth,  p.  :»6;  Tonth.  p.  3.V2.  Al»o  puhllt-atlona  V.  8.  Gcolofflcal 
Eighteenth  Annual  Rci)ort,  Part  IV,  p.  'M);  NinoUvnth.  Part  IV.  p.  400:  Twentieth,  Part  l\ 
Twenty-flret,  I»art  IV,  p.  281;  BiilU-tinh.  No.  131.  p.  4M:  No.  140,  p.  187;  Watcr^upply  and  Ir 
Papen  No.  11.  p.  67;  No.  16,  p.  137;  No.  28,  pp.  135. 142.  and  144;  No.  87,  p.  2M;  No.  89,  p.  451;  S 
876.    Alio  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  121. 

»Appioadmat«. 
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iai€d  total  monthly  discharge  of  Grand  River  al  Grarid  Junction — (>>n tinned. 


Month. 


1899. 


ber. 


Discharge  in  oecond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


ifeet. 

1 

Run-off. 

Mean. 

Total  in  acre- 
feet. 

110,616 

Second- 
feet  per 
square 
mile. 

Dei 

in< 

nh  in 
[;hc»». 

1,799 

0.21 

0.24 

3,940 

234,446 

.46 

.52 

19, 375 

1,191,322 

2.24 

2.59 

31,306 

1 ,  862, 836 

3.  62 

3.99 

14,070 

865,130 

1.6:} 

1.88 

4, 577 

281,429 

.53 

.21 

2,164 

128,  886 

.25 

.iiS 

Discharge  meamirements  made  on  (iravd  Hirer  nt  (irand  Juiwlion.' 

[Total  dlHcharge  of  both  (channels.] 


1 


0 
0 
7 
0 

0 
9 
9 
9 

8 
3 


A.  P.  DaviH 

A.  P.  Davin. 
do.... 


F.  Cogswell 

do  .... 

do  .... 

C.  C.  Babb  . 


C.  C.  l^bb  . . . 
W.  n.  Doiiirall 
F.  Cogswell . . 

do 

do 

C.C.Babh... 


5  A.  L.  FellowH 

3  ' do 

7  i do 

7  I do 

6  I do 


Hydrographer. 


(Jage 
eight. 

Dis- 
charge. 

J-Tcet. 

Sec.-ft. 

2.10 

1,585 

4.03 

16,500 

.82 

2, 059 

3.  (K) 

1,023 

3.  90 

1,694 

3.  ()0 

1 ,  r>42 

3.  35 

1,497 

5.  (50 

5,  176 

10.20 

32,  (586 

5.  35 

4,044 

4.  05 

2,0<52 

3.  98 

1,764 

3.  <X) 

1 ,  423 

5.  15 

4,802 

5.  85 

6, 087 

7.40 

11,215 

3.35 

1,237 

3.20 

949 

K  MMi*  OM  Amtf  Anct  «4  Onrf  J 


-.. 

.«,^. 

«,.  c 

UB0. 
Ibj    13 

4.7(1      IM 

Bq<.  19 
Mo*,   lit 

lien. 

Hu.   9) 

:::::d. ;:::;::::::;:::::::::::;::::::::::;::::::;;: 

d. 

a  SO     1.M 
«.is    ill 

July     7 

&.»    U 

1   J 

t  shoit  d 


Gunnition  Kiver,  the  largest  tribatsiy  of  the  Grand  in  ( 
rues  in  the  M>uth  central  {lart  of  the  Btste,  in  the  Sagnache  1' 
and  Cochotopa  Hillti,  and  flows  in  a  westeriy  direotion,  e 
the  Grand  near  the  western  boundary  of  the  State,  a  t 
from  Grand  Junction.  Comparatively  little  of  tile  water  is  j 
for  irrigation,  hut  a  i.-aiial  line  has  now  been  surrejed  n ' ' 
to  taking  thu  wutor  from  tiunniHon  Biver  and  carrying  i< 
valley  of  the  Uncimipiihgre  for  the  purpose  of  irrigating  theii 
plains  tlicrc.  It  whs  fur  the  purjKiHC  of  determining  the  amovitfl 
water  availu))l<'  for  such  u  projctt  tli»t  the  lola  ><(Htion  whs  lodtf^l 
althuugli  ncvi-nti  iiii|R>i'taiit  triliuturiea  enter  the  Uunnison  betireu 
the  point  M>lo(.-totl  at  lola  and  the  point  where  the  canal  would  pnb- 
ably  l)c  takt'n  out.  Th<-  rod  is  pluct'd  at  a  wagon  bridge  which  (XOM* 
the  Gunnison  about  one-quarter  of  n  mile  abo%'e  the  railroad  Moat 
of  the  l>enver  and  Uio  (Irundc  Uailroad  at  lola,  measurements  hani{ 
been  made  and  rct^ords  kept  up  during  the  year  1900  only.  Ik 
chann4>l  in  favorable  to  accunu-v,  l>eing  wide,  and  the  bed  bni9<)f 
'  gravel  and  bowlderx  und  not  partit^ularly  liable  to  change.  1h 
hanks,  although  not  high,  are  not  subject  to  overflow.' 


«.! 
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Ettimated  monthly  discharge  of  Gunnuon  River  at  lola, 
[Drainage  area,  2,298  square  miles.] 


Month. 


iber. 
r  ... 


'    Discharge  in  second-feet. 

Run-ofT. 

Maxi- 
mum. 

_ 
1,258 

Mini- 
mum. 

551 

Mean. 
773 

Total  in  acre- 
feet. 

45,997 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

0.34 

0.38 

4,388 

1,157 

2,875 

176,777 

1.25 

1.44 

4,265 

1,460 

2,726 

162,208 

1.19 

1.33 

1,350 

350 

727 

44,701 

.32             .37 

460 

350 

360 

22, 136 

. 16   :              .18 

350 

250 

260 

15, 471 

.11 

.12 

250 

250 

250 

15,  372 

.11  '          .13 

1 

Discharge  measurements  made  on  Gunnison  Hirer  at  lola. 
[Hydrographer,  A.  L.  Fellows.] 


Date. 


1900. 


J 


9., 
25. 


Gage 
height. 


Fed. 
3.00 
3.40 
2.90 
2.20 
2.10 


Difi- 
charge. 


Sec./t. 

1,272 

1,658 

1,169 

431 

392 


OUNNIHON    KIVEK    AT   (JRAND   .H'NtTION. 


8  station  was  loc^atcd  on  July  3,  181*5,  at  the  wagon  bridge  aci'oss 
unnison,  about  1  mile  from  its  junction  with  the  Grand,  and 
rations  were  made  until  December  21  of  that  year,  after  which 
were  made  until  1897.  The  station  was  never  satisfactory,  high 
from  Grand  River  setting  back  into  the  mouth  of  the  (xunnison, 
ig  the  gage  readings  unrelia})le.  The  readings  were  discontinued, 
•ore,  after  the  fall  of  1S91).  The  channel  was  uneven  and  some- 
shifting,  8ome  YQvy  large  })owid(»rs  intcM-fiM'ing  very  materially 
the  gagings.  .The  banks  are  so  high  that  there  was  no  liability 
irflow^." 


nore  detailed  Information  coiKHTiiiiiKtliis  station  sov  Kieiinitil  Ro|K>rt.»<  of  tho  State  EiiRineerH 
ado:  Eighth,  p.  644;  Ninth,  p.  401;  Tt-ntli.  j».  :J.'>9.  A1^M>  |mhli<'ations  V.  S.  Gt'oloKi<'Hl  Survey: 
ith  Annual  Report.  Tart  IV.  \k  IW;  Twoiitiith.  l»art  IV.  p.  390;  Twoiity-nrst.  Part  IV,  p.  278; 
No.  140,  p.  189;  WattT-Siipply  ami  Irrigation  Pain'rs:  No.  Iti,  p.  141;  Nt».  2H,  pp.  im  142,  and 
37,  p.  297;  No.  3».  p.  461. 


f 


WATKB  aKSOUSCOa  OF  OOtiOftAOO. 


[AlUluiIr.  i.tM  Iwt;  Inilaac"  u 
DiMlMiSv  In  M 


.MA  nqnim  mllo^l 


au 

497 

20,573  1 

.06  i      .« 

eee 

3,550 

211,240  1 

.M         .ft 

ft,  802 

10.296 

6.13,080  ' 

l.SO        1.* 

H,07« 

12,»80 

7Hd;  em  . 

1.5B        1. 

2.246 

4,34» 

267,410  ' 

..i5'        .* 

908 

1.921 

118,118 

.241       . 

768 

875 

52,066  1 

.11  1 

189tf. 

April '    8,7»2  . 

May ,  18,760 

June ,  IB.  752  i 

July 1    K,4S0  I 

Ai]«[UBt I    4, 602 

Septetnljer I     1,000  I 


Diinharge  mtamremftU*  made  on  Gunniton  itfwr  at  (frond  JuiutMn. 


18tM, 
Oct.     17 

I8U6. 
June  28 
July    17 
Ort.       1 

1897. 
Apr.  20 
May  20 
Jilly  28 
Sept.  28 
Oct.  27 
Nov.   Si 


C.  C.  Babb 

W.  B.  Dougall. 
F.  CojtBwell 


«!<*. 

«.«■ 

1.25 

*] 

4,74 

t,i»' 

3.80 

I,»8 

1.95 

»' 

n*; 

7.30 

..^ 

2.65 

i,«» 

V40 

i«« 

?50 

1,1^ 

,... 

■!9 
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rge  meaguremerUn  made  on  Gunniaon  River  at  Grand  Junction. — C>)n tinned. 


Hydn)KrAph^r> 


A.  L.  Fellows. 

do 

do 

do 

do 


A.  L.  Fellows^ 

do 

do 

do 

do 


A.  L.  Fellows, 
do 


Gage 
leifrht. 


heig] 


Feet. 
4.65 
4.50 
4.62 
1.80 
1.50 

3.50 
7.00 
7. 15 
2.20 
2.00 


2.50 
2.90 


Dl8- 

<>hargiv 


Sec.ft. 

5, 932 

4,647 

5, 274 

866 

578 

3,002 
14,280 
1 2, 769 

1,061 
<)«8 


1,477 
2,121 


UNCOMPAHGRK   RIVER   AT   FORT  CRAWFORD. 


)nipahgre  River  rises  in  Ouray  County,  in  the  high  peaks  of 
estern  Colorado,  and  flows  northwesterly,  emptying  into  Gun- 
Hiver  at  Delta.  The  upper  portion  of  its  drainage  basin  is 
linous,  but  farther  downstream  the  country  is  less  broken  and 
ion  is  possible  along  the  valleys  and  adjacent  mesas.  Water  is 
►  a  certain  extent  for  power  purposes  and  in  milling  along  the 
?ourse  of  the  stream.  In  the  vicinitv  of  Montrose  a  number  of 
divert  nearly  all  of  the  normal  flow  for  irrigation  purposes, 
*ourse  must  be  had  to  storage  or  to  the  diversion  of  the  waters 
(lunnison,  alrelady  mentioned,  for  further  irrigation  in  this 
;.  The  Fort  Crawford  station  is  located  at  a  wagon  bridge 
)ne-quarter  of  a  mile  east  of  the  railroad  station  at  Fort  Cniw- 
he  post-oflSce,  known  as  Tncompahgre,  })eing  alnnit  S  miles 
or  south  of,  Montrose.  The  channel  provc^d  unsatisfactory, 
ing  of  gravel  })ars  which  changed  radically  from  time  to  time, 
ing  the  rating  tjiblos  untrustworthy.  The  discharge  tables  are 
)re  largely  appr()ximat(».'' 


irther  details  conct'ruinjf  this  station,  soe  Bit-niiial  RfiM)rts  of  tho  Statf  EuKi"<^'t?rs  <>f  Colo- 
h,  Parti,  pp.  19 and  11.  an<l  Part  11.  I'l.  XIX:  Kighth.  p.  528;  Ninth,  p.  KG;  Tenth,  p.  361. 
icationt)  (T.  p.  Geolofjical  .Purvey:  KiKhteonth  Annual  Rf'i)<)rt.  Part  IV,  j).  265;  Nineteenth. 
p.  402;  Twentieth.  Part  IV,  p.  :?91:  Twenty-first.  Part  IV,  p.  279;  Bulletin  No.  140,  p.  188; 
)ply  and  Irrij?ation  Papers.  No.  11.  p.  r.l»:  No.  IC.  ]•.  1:19;  No.  28,  i»p.  i:«).  112,  and  144;  No.  37, 
.  39,  p.  451.    Also  Report  on  AKrieiilture  by  IrriKation,  Eleventh  CensUM,  by  F.  H.  Newell, 
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*j7»ttm  €md  minimum  discharge  and  average  run-off  of  Uncompahgre  Rii^er  at  Fnrt 
Crawford  for  ihai  portion  of  each  year  covered  by  record*. 


Year. 


DUcharice. 

1 
.  1 

Runoff." 

1 

MlDimum.                           Maximum. 

1 
Second- 

Amount.          Date. 

Amount. 

Depth  in  I  feet  per 

Date. 

inches.        fiquare 
mile. 

1 

1 

Sec.-/l. 

Sec.'/t.        1 

Nov.     6 

55     June  28  i 

1,535 

0.  78           0.  70 

Aug.    15 

10 

May    27 

3,375  1 

.64             .58 

Sept.     1 

55 

June  15  1 

1,467 

.92             .83 

Aug.     3 

15 

June  24 

985 

.58             .52 

'  Sept.  10 

4 

June   15 

1,163 

.72 

.65 

tie  run-off  ^ven  is  for  that  part  of  each  year  covered  by  the  oliservatlons  and  for  a  thirty-day 
•1&,  at  the  rate  given  as  the  mean  second-feet  per  square  mile  for  the  period  covered. 

Discharge  measurements  mcule  on  Uncompohgrf  Hirer  iU  Fort  Crawford. 


ate. 

S95. 
e    25 
:.    26 

7 
'.     18 

^96. 
r  11 
e  15 
/  18 
r.  21 
t.   21 


Hydrogr  •  pher. 


18 


iS7. 


y 

10 

le 

21 

y 

19 

K 

23 

f>t 

20 

t 

18 

1898. 

►r. 

5 

ly 

9 

le 

15 

!?• 

12 

F.  Cogswell 

do 

do 

do 


F.  Cogswell. 

....do 

....do 

....do 

do 

....do 


18     F.  C^well 

.-..do 

....do 

....do 

do 

....do 

do 


A.  L.  FellowH 

do 

do 

do 


Ua«e 
leight. 

DiH- 
charge. 

FM. 

Srr.-Jt. 

4.60 

H34 

3.25 

218 

2.60 

89 

2. 55 

92 

4.:^ 

568 

4.10 

560 

3.  50 

204 

2.90 

31 

3.  25 

122 

3. 10 

95 

3.90 

487 

4. 55 

884 

5. 05 

1,081 

4.50 

473 

3.  45 

70 

3.  85 

153 

4.00 

195 

3. 55 

91 

3.  92 

203 

5.18 

720 

X.«C\ 

I        ^v 
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lyin-li-irtjf  Hjivij.li  rrnicii(»  tiiailr  tm  IJnnimiinligre  Rirrr  at  fhrt  CVnirford — t'ont'il. 


»„. 

HylrmcTMpIii.'r. 

bdl^L         Chtlft 

lam. 

ftrt. 

3.76 

4.  SO 
5.S2 

5.  IS 
3.l» 

*r_.A 

1899. 

Apr.    is 

Sept.  21 

TbiN  8tatiiin  was  lotut4>d  at  Montrose  in  the  fall  of  189D,  no  record) 
being  kept,  Iiowpver,  until  the  spring  of  UKKJ.  ThcrB  is  but  littlf 
water  nt  thi«  point  during  the  greater  jmrt  of  the  year,  an  the  ainiib 
above  divert  most  of  the  flow.  The  station  is  locat^-d  at  a  bridg"' 
(M'otwinjr  the  river  oppowit*  the  town  of  Montrose,  about  one-half  of » 
mile  from  the  station  of  the  Denver  and  Hio  (irande  Railroad.  The 
ehitnnci  is  favorable  to  acouraey,  lieing  of  {fravel  and  bowlders  and  not 
liabln  to  rhango,  and  the  >)anks  aiv  high  and  not  subject  to  overflow. 
llevords  were  kept  up  for  a  short  time  only,  as  there  was  but  littl'^ 
water  during  the  greater  pirt  of  the  irrigation  sea-son  of  liKK}." 

Ktlimnlfil  motdlily  dincharffe  of  Ihirvmixdigrt  Hirer  u(  IfinUrime, 
[AllftudcMtllMl:  ilnlnsmiBrni,  rHiSwtiiflreinllHi.] 


Iiid-hargi'  III  second-feel. 

.. 

Mnn.h. 

SS: 

^^. 

177 

2m 

™,,„.. 

ICVIper 

•3:r 

^ 

imo. 

389             51 

369           122 

10,863 
15, 471 

0.31 
.40 

a.» 

.a 

.. 
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Di9charge  viefunireMUTfU*  mntle  on  Vnawkpahgre  Hirer  at  }foutnm«', 

[Ilydnjfcmpher,  A.  U  FuIIowh.] 


I>ate.  helRht.    ''^'"^'"nfe. 


1899.  Ff,t.  Str.-/t. 

>t.  20 0.40  15 

V.  20 45  ,  15 

I 

1900.  j 

yo 1.80  150 

g.  10 50  ■  2 


1M)U»KRH    KIVBK  AT    IM»M)KKK. 


Dolores  River  is  an  imporUint  tributary  of  (rmnd  River,  rising  in 
e  La  Plata  and  San  Miguel  Mountains,  of  which  the  higheHt  (K'ak, 
ount  Wilson,  attains  an  elevation  of  over  14JMK)  foet.  It*  eoui'se  is 
uthwesterly  for  aliout  50  miles,  where  it  turns  and  flows  in  an  ahnost 
;e  northerly'  direction  for  nearly  KM)  miles,  when  it  ii^iin  turns  west  and 
ters  Grand  River,  after  crossing  th(»  Colonulo-Utah  line.  The  river 
•wsfor  the  greater  part  of  its  course  through  deep  canyons,  and  com- 
ratively  little  irrigation  is  pi-acticed  along  the  stream  itself,  excepting 
the  vicinity  of  Dolores,  wh(*re  for  some  40  miles  the  valley  widens 
t  to  from  one-half  of  a  mile  to  one  mih%  and  a  considerable  area  is 
Itivated.  In  the  Paradox  Valley  again  considerable  land  is  culti- 
ted,  mostly,  however,  fn)m  small  tributaries  running  into  the  main 
^"eani.  At  Rico  a  portion  of  the  water  is  us<»d  for  the  development 
power.  By  far  the  greater  pait  of  Dolores  River,  however,  is  used 
the  San  Juan  irrigation  division,  being  divert(»d  by  means  of  a  tun- 
1  and  a  great  cut  into  the  Montezuma  Valley.  The  head  gates  of  the 
Hals  carrying  this  water  are  about  2  miles  west  of  the  present  town 
Dolores.  The  gaging  station  is  locatinl  abovt*  these  h«»a(l  gat(»s  and 
out  one-half  of  a  mile  above  the  Kio  (ininde  Southern  Railroad  sta- 
►n  at  IX)lores.  The  channel  is  fairly  favora})le  to  accurate*  results, 
P!  I)ed  Ixjing  of  small  stones  and  gravel,  and  the  banks  Inking  high 
d  not  liable  to  overflow." 


^orfiirthvrdi*taIlHCM>ni*c'niiiigtliiK  ^^tatloll.  si-f  Bifiiniiil  U«'iM>rt>Jof  (lirStHlf  Kimiiu-orsof  CuUtrmlo: 
hth.  p., Ma;  Ninth,  v.  4<)r>;  TtMilh.  p.  :UM.  AImi  inililii-atloiiM  V.  S.  <;ii.loKi<Hl  Surv«y:  KiKlitiH'iith 
lual  Keiiort,  I*ttrt  IV,  p.  2»I1:  Nfnctmith,  run  IV.  ].,  4(>7:  Twiiuirth.  Tart  IV,  pp.  itlJ  and  UJK: 
fenty  first.  l*art  IV,  p.  281!;  HuUrtlii  No.  Hi),  p.  I'M;  Watt-r  Supply  and  IrrlKaliun  I'aiM'rs:  N...  11.  p. 
No.  16,  p.  143;  No. 28,  pp.  l.W.  IIJ.  and  HI:  N<..  'A\  p.  :{<).'•;  No.  :w.  p.  4:»1:  No.-'^o.  p.  :tsu.  AI.mi  KrjMirt 
Agriculture  by  Irrlgatiuii.  Klewiith  ('eii!«u«».  liy  F.  H.  Newell,  p.  l'J2. 
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cimum  ana  minimum  diaeharffe  and  average  run-<ff  of  Dolores  River  at  IhAt/rvn  for 

that  portion  of  each  year  covered  by  records. 


Yeftr. 


3 

3 
7 


])if(chaix<'. 

1 

Run-off.'* 

Minimum. 
Date.         Amount. 

Maximum. 
Date.              .Vmount. 

Depth  in 
inched. 

Second- 
feet  per 
fiqiuirv 
mile. 

Src.'/l. 

Sff.fl. 

Nov.      8 

42 

Jiuie   27 

848 

0.78 

0.70 

Aug.    16 

8 

Apr.    26 

1,578 

.69 

.62 

Aug.    31 

76 

Apr.    18 

2,944 

1.82 

1.63 

Sept  25 

:u 

June     2 

2,030 

1.22 

1.09 

Sept.     5 

23 

May    14 

1,461 

.61 

.55 

Aug.   26 

20 

Mav    19 

1,731 

.73 

.66 

The  nin-off  given  in  the  total  acrv-feet  fi»r  the  cifrht  months  of  each  year,  the  average  H(i*on(i-fi>et 
iquarc  mile,  and  the  depth  in  inche»  for  thirty  dayx  Ht  the  averaKo  rate. 

Dijucharye  ineamtremeitis  mad*'  on  Dolon-H  H'nrr  nl  Ihtlon'M. 


Nite. 

895. 
le   22 
?.    28 
.       9 
r,    20 


HydroKraplier. 


F.  C/<jg8Wen 
....do  .... 
....do  .... 
....do  .... 


H9t>. 


y 
y 


13 
14 


le    17 


y 


21 
24 


t.  23 
t.   24 

.       1 

897. 

-.  21 
y  12 
le  2:^ 
y    21 

?•  25 
t  22 
.     20 

898. 
r.      8 
y    12 
le  17 


F.  CogHwell 
....do  .... 
....do  .... 
....do  .... 
....do  .... 
....do  ... 
....do  .... 
do 


F.  Cogswell 

do 

do  .... 

do 

do 

do  .... 

do  .... 


A.  L.  Fellows 

do 

.-..do 


<taKe 
heiKht. 

Dih- 
rlmrjfr. 

fVr/. 

Srr./t. 

3.  50 

75() 

2.70 

UW 

2.  50 

89 

2.40 

75 

3.  50 

553 

3.  50 

.     586 

3.  00 

179 

2.80 

124 

2.60 

42 

4.80 

1 ,  550 

4.15 

1,047 

2.  75 

76 

5.  10 

2, 13;^ 

5.  15 

2,  216 

4.20 

1,089 

3.  (X) 

273 

3.  65 

92 

3.  32 

404 

3.  35 

330 

3.15 

325 

4.30 

1,163 

4.80 

1,870 

WATES  BESOVBCK8  OS  OOLOBADO.  tma. 

lymchiT-jt  iimwirrmentu  made  on  Dolore*  River  at  VohreJi — CkjDtioued. 


htigbt.   I  fhup 


16W. 

Aug,  le 

Sept.  U 

S^  28 

Ort,  2 

Apr.  20 

Ian«  S7 

Nov.  M 

1900. 

Mar.  24 
May 

June  27  j.. 

Aog.  11    .. 


U.  H.  Muttlies . . 


A.  L.  FellowB-. 


2.80 
2.70 
2.50 
S.Si 

t-» 

S.SO 

2.70 

s.n 

8.W 


MAN  Minrn.  ttivBR  A*  FAU.  camc. 

Tliiw  streajii.  an  iuiiwrtwiit  tributary  ijf  tlii'  Doiorps,  rises  in  S«n 
Migiit^l  County  and  dminw  mi  area  iuiiiii^ltatcly  weat  of  Uip  headwater? 
of  ITiicompahgre  River.  The  stream  and  it«  triljutaries  run  for  tlie 
inowt  part  in  a  iiortheafltt'rly  direction,  and  it  enters  the  Dolores  in 
the  western  part  of  Montixwe  County.  A  compai-ativcly  miuhI!  ainoiini 
of  water  has  thua  far  beim  used  for  irrigation,  but  plans  are  now 
being  developed  having  reference  to  the  use  of  the  water  on  a  coiwi'1 
erable  .scale  in  the  wewtern  part  of  San  Miguel  County.  The  stataou 
in  loeated  at  a  wagon  bridge  near  the  railway  station  at  Fall  Cr«.'l<. 
The  ehannel  is  fairly  stable  and  the  banks  are  not  liable  to  o^-crflfl"' 
The  Htatiou  was  discontinued  in  the  fall  of  1899.™ 


aForCurlherinCannatlnn  i-uiiLvniliiK  Ihiii  slutlon  evv 
Colondo:  Elgbili,  p.  fi32;  Nlolb.  p.  ID?:  Tvnth,  i>.  3m. 
AnniULl  Rcpurtt.  Eigbtnatti,  I'urt  IV.  p.  'iM:  HtnuIiviiUi 
TWBity-Brrt,  F»rt  IV,  p.  J83;  Bulletin  No.  HO,  p.  19S;  Wf 
68:  Nil.  la,  p.  1«;  Nu.;».pp.l37,l«.BndlM;  No.  3«,  p.  30 
by  im^atlon,  EIOTiiiith  Gttnnw,  by  ¥.  H.  Newell,  p.  IKl. 


Icnalftl  ttepurUtil  Ib«  State  XnckW"'^ 
kiMi  publkBticinn  I'.  S.  GHiloKical  So"'' 
Purt  IV.  p.  WW;  Twenllelh,  PnrtlV.Ii.*' 
T-Suppljr  und  IrrigBlion  Pupern,  Bo.  U.  !■ 
No.  It,  p.  -Ul.    Aim  ivport  on  iJ/toAW 


Jl.    fi^aiNG  Sr^TION  ON  S*N   MIGUEL  HWER  HT  f  ^V.*- ^Rtt^s. 


>W8.] 
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WATXB  SB8OUB0BB  OP  OOLOSADO. 


Miiximum  and  minimnM  ditirharge  mui  average  rum^qf  Sam  Migmd 

fttr  thai  portum  i^fark  jtear  eovntd  Ay  rseordt. 


Year. 


IHMlWIfl*. 


inm Dec.  24  6 

1896 Nov.  7  22 

1«»7 Apr.  4  62 

18W Nov.  21  22 

1899 Apr.  2  25 


Minlmuin. 
Uaie.         Amount. !      Dale. 


XAZlmiim. 


Dcflhli 


Jane  29 

BCay  27 

Jime  16 

June  28 

Jane  11 


! 
0.87  i     i 


I 


567 
2,404 

997  '       1.06 
1,3S5  .M 

1,000  I        .75 


flTlu*  nin-off  in  f«»r  th«  avcnfcv  of  teuuiid-fiwt  per  iqiura  MOe,  and  the  depth  in  teAalvtf 
dayn  nt  (he  avcnice  rate. 


PtjiHitin^  mnvmremeiUn  miuU  oh  San  Migtui  Rmer  ai  Fbil  CML 


Date. 

F. 

... 

F. 

. . . 

... 

... 
. . . 

A. 

m   m   m 
>  *  •   * 

<\»irHweIl 

HydrogTapher. 

1  iliifct 

IMUI§eL 

1H})5. 
June  24 

Alt 
4.00 

Aug.    27 

.  .do 

3.20 

Oct.      s 

..«ln 

2.65 

3.75 
3.45 
3.15 
2.60 
2.75 
2.60 

3.40 

Mav     12 

• 

Juiu>     1() 

(  *<  MPMU'I>I1 

\  t /^n «><  11....... 

...|(> 

Julv    20 

.  .do 

• 

Aug.    23 
Si'pt.   22 
0<-t.     20 

..do 

..d(» 

..do 

18«>7. 
Apr.    20 
Mav    1 1 

( 'cwfHwell 

• 

..do 

4.05 

June   22 

..do 

4.45 

Julv    20 

..do  . 

3,45 

Aug.    24 
Sept.   21 
Oct.     19 

..do 

2.85 

..do 

3.30 

..do 

3.05 

1898. 
Apr.      7 
Mav    1 1 

L.  Fellows.   . 

2.50 

do    

3.30 

June   16 

do 

4.40 

Aug.    13 
Oct.     17 

..do 

2.80 

..do 

2.30 

x>ws.] 
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DUcharfff  meanurement*  made  on  Sau  }fignrl  Rmr  at  Fnfi  CYefk — C4>iitiniie<I. 


>ate. 


HydrufcmphtT. 


899.     ' 

r.     18  I  A.  L.  FellowH. 

y    16   do 

le   21    do 

I 

V.     21    ! <lo 


(iaKt' 
holKht. 

DiR- 
chargo. 

Fnl. 

S<r.-Jt. 

2.85 

1(M 

'X  70 

562 

:j.oo 

449 

2.35 

1 

52 

MIWELLAXWHH    MKASntKMKXTS. 


But  few  incasuremonts  are  on  n^cord  for  this  division,  the  danger 
shortage  having  been  only  recently  felt.  Many  nieasurenients  have 
idoubtedly  l)een  made,  niostly  for  the  piui)ose  of  ascertaining  the 
)\v  with  reference  to  development  of  iK)W(»r.  hut  these  are  not,  as  a 
lie,  available.  Further  investigations  are  needed  in  this  division,  as 
e  supply  of  water  will  l)ecome  of  great  moment  before  many  y(»ars 
ive  ehipsed.  The  following  an*,  however,  on  record.  Other  meas- 
t^ments  may  also  1m*  found  on  page  108  et  siH{.  of  the  Ninth  Biennial 
^I>ort  of  the  State  P^nginecM*: 

»SVr<'<»m  in*'(ifiirrmnit;*  'ni  (irnml  lihrr  illrinimi. 


r>at« 


IIy<ln>jfrni»lu'r. 


Strt'iiin. 


I^m'hIIiv. 


18JI5. 


t.     22     I).  R.  Crosbv '  <  Irainl  Kiv*r 


I'lilisadt 


1899. 

3r.  19 

ay  16 

me  17 

me  21 

pt.  22 

>v.  17 

>v.  22 

1900. 
Hy     8 
ttg.   23 


A.  L.  FellowH Dolores Uiro 

<lo Fall  ( 'ivfk Falls  (Veek 

do Knariii;r  Fork ( ih'nwo(Ml  . 

do Fall  ( 'revk I'all  ( Yeck . 

do Dolores Kii'o 

do Roaring  Ff)rk i i\vn\\iuu\  . 

d(» Df)lores Kico 


I 


A.  L.  Fellows 
<lo 


Koariiiir  Fork 
....do 


(  iU'Il\VO(Ml 
do    ... 


chargo. 


2.  767 


16S 
62 

1 , 2:>s 

45 


23 

457 

16 

1,570 
423 
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GREEN  RIVER  DIVISION. 
DKAINAGK   AND  IKlUOATlOy. 

(iroeii  Rivt»r  ami  its  tributaries  drain  the  northwestern  corner  of 
Colonulo.  The  Green  itself  tniverses  Colorado  for  only  a  verv  short 
distance,  and  diii'ing  its  eourse  it  runs  through  a  deep  canyon,  so  that 
but  little  irripition  is  praetieed  alon^  its  borders,  this  being  on  the 
lM)ttoni  lands.  It  is  (>ossible.  however,  that  a  tract  of  land  of  oonaid- 
era]>h'  size  may  eventually  he  irrigated  from  this  stream,  in  the 
cxtrenu^  northwesteirn  corner  of  the  State.  The  principal  tribataiiBS 
of  th(^  (Treen  in  C'olonido  are  Yampa  and  White  rivers.  Hiesednin 
areas  of  eonsidenible  size  and  in)i)oi*tance,  in  which  ther&  aM  VMt 
tracts  of  irriinible  land  that  will  undoubtedly  be  eventually  nilttlital 
so  far  as  the  water  supply  will  (Kninit.  These  streama  reseinlll^lhe 
tributaries  of  (inind  Kiver  in  general,  excepting  that  thrj  trairiPtWl 
country  that  is  more  open  and  rolling.  Not  much  irrigation  b'iiov 
practiced  except  along  lands  immediately  adjoining  the  stream,  bott 
number  of  plans  have  been  projected  for  taking  the  water  on  to  the 
uplands.  whi«li  will  no  doubt  )>c  eventually  carried  out.  No  perma- 
nent stations  have  been  maintained  anvwhere  in  this  division^  so  that 
all  measurtMuents  on  record  are  compiled  in  the  following  list  of  mis- 
cellaneous «,^a<,^ings.  l*robU»ms  relating  to  the  use  of  water  are,  how- 
ever, bc^comintr  of  trrcal  moment  in  this  part  of  the  State,  and  it  is 
imj)ortant  that  stations  sIkhiIcI  1)0  established  at  as  early  a  date  a> 
p(»*^i))lc.  Jit  least  ujxHi  the  iiiaiii  stivams. 

The  (iieen  Uivei"  initiation  <livision,  as  a  ])olitical  subdivision.  «'oiii- 
piises  all  lands  in  Colorado  drained  by  (ireen  River  and  its  tributaries. 
The  water  di>ti'iets  uf  which  it  is  composed  are  Nos.  48,  44,  54,  55.  TA 
57.  anil  .'»>.  No.  4-)  consist^  of  the  lands  irrij^ated  by  ditches  taken 
from  W'iiite  Kiver  and  its  tiiimtaries;  No.  44  of  lands  irrigated  by 
watei'  taken  t'l'oin  tiiat  ])ortion  of  Vampa  River  above  the  mouth  of 
Little  Snake  KMxtMand  l)elow  tiie  mouth  of  P\>rtitication  Creek,  and 
from  tilt*  trilmtarie^  to  tliat  ])ortion  of  Yampa  River;  No.  54  of  all 
lands  lyinLi"  in  the  State  of  C'olorjido  irri^^ated  by  water  taken  fwiB 
that  ])oiiion  of  Little  Snakc^  River  and  its  triiaitaries  al)ove  themBit 
we>it<'rly  intei'section  of  said  riviM*  with  the  Colorado  State  line;  Ma 
5.')  of  all  iand>  ii-riuated  by  water  fi'om  the  Yampa  or  Little  Sub 
rivers  and  their  trilmtaries  Im'Iow  distri<-ts  Nos.  44  and  55;  No.  JMT.of 
(Jreen  l\i\ei'  and  tributai'ies  in  Colorado.  ex<*ept  Yampa  Kiver;  No^JT 
of  Yani|>a  Ri\er  and  tribiitai-ies  hctwtM'n  tin*  mouth  of  Fortifioiitol 
Creek  and  KIk  Ixiver:  and  No.  5s  of  Yam])a  River  and  tributtt^ 
above  No.  57.  Hut  lillle  attention  has  thus  far  been  paid  to  tke 
priorities  of  water  riohts  in  liie^e  districts.' 

"  F'lir  fiirthi-r  <l.il;i  ••'■ti<  ■■niiiii:  ihi>  (li\  i^ioii.  «<i,'  ]i'il>li<':i('"ii>:  I' .  s.  (ifuIoK^ical  Snrvvy:  Ninth  Ain.^-" 
IU-I"»M.  1'. ''TT:  Ki;L,'lil«  .iith.  I'mtI   I\'.  ]-.  L'l.^:  Niiuli-.  iit)i.   part   I  V.  p.  MlM:  Twentii'lh,  Part  JV.  p.    ^ 
Kli'v.'iilli  Ct-nMi-   Irriu'iiii.tn   i:.|...rt   I'V   F,  H.  Nc\m'.1  :iu>\    Uiiilftin   No.  110.  p.  200.     Al>o  Biv:/i..!". 
Kr|Mirtsiii"  tin- st:U«'  Kiii:iiH'«T  of  ('uIodkIii.  Nimli,  ]•.  li"*.':  iiiiM  jili  liii'iinial  roiH>rts  fi»r  i-t»iiimis>ivi:v:- 


BOAT  SPRINGS. 


K.     VAMP*  RIVER  VALLEY   NEAR  HAYDEN. 


>Wfcl 


GRA9D  SIVXB  PIVIdlON. 
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MI0CELLAKEOU8  0A0IK08. 


n  the  following  table  are  given  the  results  of  gagings  made  in  May, 
5,  and  September,  1898,  on  certain  specified  streams  in  the  Green 
-er  irrigation  division: 

liiteMineam  gagings  made  in  the  Green  River  irrigation  dirinon. 


)tLte. 


39S. 
t.   14 
t.  15 
L  17 
3o. 


t. 
b. 
t. 
t, 
t. 
t. 
t. 


18 
19 
20 
21 
22 
24 
28 


HjdroKittpiier. 


305. 

r    18  '  H.  A.  Samner  . 


A.  L.  Fellows. 


Sin-am. 


White  River. 


White  River. 


Locality, 


White  River 


Meeker 

.do [  Williams  River Ilaniilton 

.do Yanipa  River 3  miles  below  I layden . 

.do :  Elk  River Trull " 

.do Yampa  River Steamlx»at  Spring 

.do I  Snake  River 

.do Slater  Fork 

.do Snake  River 

.do Yanipa  River 

.do Green  River 


Ilonnold 

Slater 

Dixon,  Wyo... 
Below  Mayl)ell 
I^dore 


.do Yamim  River ^'raig 


Dis- 
charge. 


3,047 


300 
25 

111 
83 
65 
17 
9 
19 
99 

552 
79 


INDEX. 


Page, 
oaa.  Rio  Grande  at,  dischargre  of  —      109 
IT  canal,  dam  and  head  gnto  of  ^  views 

of W 

a^  River,  diwhargc  of ia)-124 

1^,  rainfall  at 16 

3.ito.  San  Antonio  River  at,  dwt'harg** 

of KW 

l«*8.  gaging  station**  at.  views  of 112 

l^edra  River  at.  dlHcharge  of 1  ir>-l  l« 

1.11  Jnan  River  at,  disehurge  of 112-115 

M-ee  Creek,  discliarge  of <R> 

ixaas  River.  di.»*t!harge  of 7H-V«}.  ttl» 

'^epage  measurements  on 1<H) 

l^wsof H).S4 

KisaA  River  division,  irrigation  in  .      70  72 

"»-eam  me«isurements  in 72-l(  0 

Us,   Big   Thompjion   Creek  at.   dis- 
charge of  52-.t5 

ll'rei^k.  dis<harge  <»f 3«-40,  tfi  W 

:*.»liuan.  Nebr..  Republican  River  at, 

dis<*harge  of W 

t^homjison  Cre«*k,  discharge  of.  a'i  ijoJUiJ'A 
Iom«'  Sni)plydam  on,i)lftte  sb(»wing.  40 
der.  Boulder  Creek  at,  discharge  of.  4«V-49 

der  Creek,  discharge  of -WMl* 

^Ider.  rainfall  at 15 

kenridge,  rainfall  at 1« 

laton.    S<iuth    Platte    River   at,  dis- 

<'barge  of iyiJM 

>ii.  Arkansas  River  at.  discharge  of  .        f»!> 

fce  la  Poudre  River,  disc'liarge  of 5V- 

'^.  ♦;•<.  t'A 
r<»n.  Arkansas  River  at.  «lis«'hiirK»' of.  hi  xi 

Arkansas  Riv«'r  at,  view  of hi 

ainfallut 1»5 

>onter,  L.  G..  reforen«.'e  to V* 

leriM'k.  rainfall  at 1") 

lew<K)<l  dam,  plate  shr>wing 'Jx 

(r  Edge,  rainfall  at H> 

cero,  Rio  Gmnde  at.  dis4har^r«'  of  .  |(r7-  1<k 
^man  I^ake,  dam  at.  pLiti'  showing  :.'( 

South  Platte  River  at.  disiliargf  nf   .  'j;i  :.'4 

jrenne  Wells,  rainfall  at I '» 

>f  Creek.  dis<*harge  of «>l» 

.r  Creek.  dis«rliarge  of .  n\  i-2J'C\.i\i 

riew  in  canyim  of.  plate  showiii:^'.  in 

r  View,  rainfall  at .   .        in 

rado  Springs,  rainfall  at         U\ 

?ji>s  River,  di8<-harge  of Hi»>  1«»7, 1(R» 

4*epage  measurements  on  MO 

\  rainfall  Ht U\ 

g,  YamiM  River  near,  discharg««  of . .      147 


Page. 
CYook,  South  Platte  River  at.  distrharge 

of tUM 

Dean.sbury.  South  Platte  River  at.  <lis- 

chargeof JSV  28 

Del  Norte,  Rio  Grandeat.  di-M-harge f>f .  UBMm 

•  ^  view  of 1<I2 

Delta,  rainfall  at Itt 

Denver,  rainfall  at 15 

South  Platte  River  at,  <1  is*  barge  of  . .      21>- 

Dixon.  Wyo..  Snake  River  at.  dis<'harge 

of 147 

D<ilores.    Dol<)n*s    River    at.    disihargi' 

of i:fi»-ll2 

gaging  station  at,  view  of N2 

Dolon»s  River,  disiharge  of  i:fi)142. 145 

gaging  station  on.  view  of 142 

Dumout.  rainfall  at 15 

Durango.  Animas  River  near,  dis^'harge 

of 1L1»  124 

Florida  Riv«T  n»'Hr,  dis4-barg»'  of  . .     1 10-12i> 

rainfall  at H> 

Elk  River,  di.'^-hargi' of    147 

?]vaus.  Smth  Piatt*'  Uivrr  at.  <lis«hruv«' 

of m.t\i 

Fall  ( 're<*k.  gagi   g  station  at.  vi«*w  of      .       142 
San  MigUfl  River  at.  (lis<hargf  of      li:M4r> 

Fl<»ricla  River.  (ii><-l;ftrg«' of IIH  12<» 

Forksi-reek.   CIrar    Creek  at,   »li>ehari;e 

of M\  42 

view  near 40 

F(trt  Collins.  Caehi-  li  Pinulre   River  at. 

divhar^eiif    5')  .V,> 

rainfall  at 15 

Fort  Crawford,  Un<'iinipaligi-o  River  at. 

dis'-lmrge  of      i:r>  i:** 

Fort  Morgan.  South  Platte  River  at.  dis- 

ehurge  of mjH 

Fox.  niinfall  at    .. V> 

F'n'nehnian  River,  di-ielijirge  i»f  .  .  r.7  iV^.iiU 

(f.  S.raneh.  rainfall  at       H> 

(taging  stati<»n>,  maj)  showing 20 

(ileneyre.  rainfall  at  U\ 

(rlenw«MKl  Si>rings,  (trand  River  at.  dis 

charge  <»f 12s  12i* 

Rojiring  Fork  at.  d  s<*harge  of 145 

(4ol<len,  Cl«Mr  Creek  at.  dis4-harge  of  41 

Gnind    Junetion.   (^nunl    River  at,   dis- 
charge of     12«.>  1H2 

Grand  River  at.  view  of 124 

(4unni!-on  River  at.  di.Kibarge  of  ...  i:ti-i;i5 
rainfall  at V5» 


150 


INDEX. 


Pace. 

Grand  River,  di»*<han^*  t)f ISft-l.'C.  145 

view  of 124 

Grand  River  division,  irri^fation  in 127-13H 

Htrvani  me-  surenien ts  in ld*-147 

Granite.  ArkanMiM  River  at.  diwharjfe  of.  76-77 
On«iit    Plains  Water    Comiiany.  irrijfa- 

tion  syHteni  of,  dia^niiu  nhfiw- 

ing 74 

Greeley,  rainfall  at 15 
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Depabticent  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington,  D.  C,  June  SO,  1902, 

i:  I  have  the  honor  to  transmit  herewith  a  manuscript  for  a  paper 

tiptive  of  the  results  of  hydrographic  surveys  made  during  the 

idar  year  1901.    This  pax>er  may  be  considered  as  being  the  third 

last  "^ATt  of  the  Annual  Report  of  the  Division  of  Hydrography 

901,  Parts  I  and  n  having  been  printed  as  Water-Supply  Pai)er8 

65  and  66,  giving  the  gage  heights  and  measurements  at  various 

r  stations  maintained  during  1901.     This  form  of  publication  has 

Ited  from  the  limitations  formerly  imposed  by  law  and  tli rough 

operation  of  recent  changes  which  have  been  made.     At  tlie  time 

Pai)er  No.  65  was  put  in  type  it  was  proposed  to  print  tlie  manu- 

[)t  herewith  presented  as  Part  IV  of  the  Twenty-third  Annual 

ort.    By  act  of  May,  1902,  the  report  of  the  Director  was  limited 

•ne  volume,  and  the  restriction  of  Water-Supply  Papers  to  100 

»  was  removed.    As  a  result,  the  material  which  otherwise  would 

?  appeared  as  one  of  the  volumes  of  the  Director's  report  is  now 

ented  for  publication  in  the  Water-Supply  and  Irrigation  series. 

lis  paper  presents  briefly  the  results  of  computations  of  river 

,  the  data  for  them  having  been  presented   in   Water-Supply 

jrs  Nos.  65  and  66.     This  separation  of  the  original  observations 

kge  height  and  river  measurement  was  brought  about  by  tlie  fact 

since  1895  it  has  been  found  desirable  to  print  as  soon  as  possible 

'  the  conclusion  of  each  calendar  year  the  tables  of  gage  heights 

related  facts,  reserving  for  the  annual  report  of  the  Direcitor  the 

Lusions  resulting  from  computations  and  the  diagrams  of  dis- 

^e,  together  with   maps  and  other  illustrations.     This  plan  is 

ed  out  for  1901,  with  the  exception  of  the  modification  noted  in 

irst  paragraph.     It  is  proposed,  however,  in  the  future  to  com- 

and  publish  together  the  original  observations  and  results  for 

locality. 

Very  respectfully, 

F.  H.  Newell, 

Hydrograplier  in  Charge. 

>N.  Charles  D.  Walcott, 

Director  United  States  Geological  Swrvey. 


PROGRESS  REPORT  OF  STREAM  MEASURE- 
MENTS FOR  THE  CALENDAR  YEAR  1901. 


By  F.  H.  Newell. 


GElTBBAIi  STATEMENT. 

The  determinations  of  the  water  supply  of  various  parts  of  the 
United  States  have  been  continued  during  the  year  1901  by  the 
Division  of  Hydrography  in  a  manner  similar  to  that  of  previous 
rears,  slight  modifications  and  improvements  having  been  introduced 
A  methods  and  operations.  The  work  consists  in  measuring  the 
itreams  and  estimating  the  water  supply,  both  above  and  under 
^und.  To  give  full  facts  concerning  the  water  supply  it  is  neces- 
lary  not  merely  to  ascertain  the  quantity,  but  also  in  many  cases  the 
quality,  and  especially  the  possibilities  of  water  storage  or  conserva- 
tion. Water  can  not  be  considered  as  a  resource  unless  it  can  be  had 
^hen  needed,  and  therefore  the  determination  of  the  practicability  of 
lolding  the  floods  until  time  of  drought  underlies  any  statement  of 
water  supply.  In  a  similar  way  when  considering  underground  waters 
\t  is  not  enough  to  know  that  there  is  water  beneath  the  surface,  but 
:he  facts  must  be  ascertained  as  to  the  depth  to  the  water,  the  rate 
)f  movement,  if  any,  and  the  possibility  of  bringing  the  water  to  the 
mrf ace  at  reasonable  cost. 

The  principal  operation  of  the  hydrographic  surveys,  as  at  present 
K)nducted,  is  that  of  measuring  the  waters  flowing  upon  the  surface, 
>btaining  their  fluctuations  in  quantity,  and  sometimes  in  quality, 
:rom  month  to  month  and  from  year  to  year.  The  points  at  which 
he  principal  systematic  measurements  were  made  during  the  year 
L901  are  shown  in  figs.  1  and  2  by  the  heavy  dots  upon  the  branching 
ines  of  river  systems. 

HISTORICAIi  REVIEW. 

Under  the  operation  of  various  resolutions  of  Congress  and  appro- 
3riation  acts,  systematic  hydrographic  measurements  have  been  car- 
ried on  by  the  Geological  Survey  since  1888,  papers  Nos.  65,  66,  and  75, 
^en  together,  constituting  what  may  be  termed  the  annual  report 
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for  the  fourteeDth  year  of  the  watersapply  and  irrigation  Bnrray.  Tk 
hydroRTaphie  data  obtained  daring  these  years  are  scattered  thnni^ 
a  number  of  publications.    In  order  to  facilitate  reference  to  thn^ 


Fig.  I.— Lucatlcm  of  river  xUtlcjiui  in  woHtrm  haU  ot  the  United  States  in  ISOl. 

tlie  following  brief  review  is  givoii  of  the  progress  of  the  investiga- 
tion, showing  in  i^hi-onologic  order  the  development  of  the  work: 

1888,  first  year. — The  Irrigation  Survey  wiis  organized  in  accordance 
with  tho  provisions  of  the  m-t  of  October  -1,  1888.  Tlie  results  of  the 
first  year's  work  aii^  given  in  the  Tcntli  Aninia)  Report  of  the  Gleolo- 
gieal  Survey,  Part  II,  Irrigation.  Tliis  voliim*»  i»  devoted  mainly  to 
the  det.ails  of  organization  and  of  the  ])lauM  adopted  and  partly 
executed. 


■nu^l  HISTOBIOAL   BBTTEW.  IS 

3889,  second  year, — ^The  resaltB  of  the  operations  oatlined  In  the 
■qtort  jost  named  are  given  in  the  Eleventh  Annual  Report,  Part  II, 
Mgstion.    This  contains  a  diaoasBion  of  the  hydrc^raphj  and  of  the 


United  fltotoatnlBOl. 


jngineeriug  surveys  for  cniuils  iind  i-eservuirs,  the  statement  of  the 
Director  of  the  Geological  Survey  to  the  lloiiw  Committer  on  Irriga- 
tion, a  report  upon  the  1op<)t<:r!iphic  sin-veys  relHtiiig  t^i  roclaniation 
c.'ork,  and  a  list  of  irrigation  literature. 

1890,  third  year. — ^The  results  of  operations  are  given  in  the  Twelftli 
f^nnal  Report,  Part  II,  Irrigation.  This  contains  a  statement  of  the 
ocation  and  snrvey  of  reservoir  sites,  by  A.  II.  Thom^aou;  e.  ^%^'e 
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on  the  hydiognphy  of  the  arid  region,  \3iy  F.  H.  XeweIl,«Dd  »  diioiis- 
8ion  of  irrigation  In  India,  1^  Herbert  M.  Wilaon. 

1891^  fourth  year. — ^The  diseassion  of  reBnlts  obtained  ia  eonttinud 
tn  the  Thirteenth  Annual  Report,  Favt  ni.  Irrigation.  HiIb  eontiiti 
of  a  paper  upon  water  soiiply  for  irrigation,  1^  F.  H.  Newell;  two 
papen  by  Herbert  M.  Wilson,  the  first  upon  Amerioan  inigaUoa 
engineering  and  the  second  upon  the  engineering  results  of  the  Ini- 
gation  Survey,  and  a  report  1^  A.  H.  Thompson  upon  the  loosttoB 
and  survey  of  reservoir  sites  during  the  fiscal  year. 

18M,  fiiffk  ymr.— The  Fourteenth  Annual  Report,  Part  U,  eontyas 
a  paper  entitled  "  The  results  of  stream  measurements^"  1^  F.  R 
NewelL  With  this  are  two  others  bearing  upon  hydrography,  the 
first,  entitled  *' Potable  waters  of  eastern  United  States,"  by  W  J 
McOee;  the  second,  **  Natural  mineral  waters  of  the  United  8feKleB»* 
by  A.  C.  Peale. 

1S93^  sixth  year. — ^The  results  of  field  work  during  this  year  lie 
shown  in  Bulletin  No.  181. 

189J^  seventh  year. — ^The  operations  of  this  year  are  also  shown  in 
Bulletin  No.  131.  The  Sixteenth  Annual  Report,  Part  II,  oontains  i 
paper  entitied  **The  public  lands  and  their  water  supply,"  by  F.  E  . 
NewelL  This  gives  in  condensed  form  the  results  of  hydrogn^hie 
work  in  preceding  years.  There  is  also  in  the  same  volume  a  report 
on  the  *' Water  resources  of  a  portion  of  the  great  plains,"  by  Robert 
Hay. 

1896 y  eighth  year. — Bulletin  No,  140,  entitled  Report  of  ProgreflB 
of  the  Division  of  Hydrography,  gives  the  resaltfi  of  field  work  during 
the  greater  part  of  this  year.  The  Seventeenth  Annual  Report  ocm- 
tains  a  pai)er  by  G.  K.  Gilbert  on  the  "Underground  waters  of  the 
Arkansas  Valley  in  eastern  Colorado;"  one  by  Frank  Leverett  on  the 
"Water  resources  of  Illinois,"  and  another,  by  N.  H.  Darton,  on 
"Artesian  waters  of  a  portion  of  the  Dakotas." 

1896 y  ninth  year, — For  this  year  was  begun  the  method  of  double 
publication,  the  gage  heights  being  published  in  Water-Supply  Paper 
No.  11,  and  the  results  of  computations,  the  illustrations,  etc.,  being 
given  in  the  Eighteenth  Annual  Report,  Part  IV. 

1897 y  tenth  year, — The  gage  heights  are  given  in  Water-Supply  and 
Irrigation  Pax>ers  Nos.  15  and  16  and  the  detailed  descriptions  in  the 
Nineteenth  Annual  Report.,  Part  IV. 

1898^  eleventh  year, — The  operations  at  river  stations  are  given  in 
Wat^r-Supply  Papers  Nos.  27  and  28,  while  the  results  are  shown  in  the 
Twentieth  Annual  Report,  Part  IV. 

1899^  twelfth  year. — The  operations  at  river  stations  are  contained 
in  Water-Supply  Pai)er8  Nos.  35  to  39,  inclusive,  and  the  discussion  of 
results  in  the  Twenty-first  Annual  Report,  Part  IV. 

1900 y  thirteenth  year, — The  operations  at  river  stations  are  given  in 
Water-Supply  Papers  Nos.  47  to  52,  mcluslve,  while  the  final  tables 
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fcnd  illnstratioiis  are  shown  in  the  Twenty-second  Annual  Report, 
Part  IV. 

1901^  fourteenth  year. — The  operations  at  river  stations  are  given  in 
(Vater-Snpply  Papers  Nos.  65  and  06,  while  the  conclusionH,  with  illns- 
Tations,  are  shown  in  Water-Supply  Paper  No.  75  instead  of  Part  IV 
»f  the  Twenty-third  Annual  Report,  this  latter  report  being  confined 
o  one  volume. 

The  hydrographic  surveys  have  been  from  necessity  confined  to  the 
Jnited  States  proi)er,  but  urgent  appeals  have  been  received  for  sim- 
lar  work  in  southern  Alaska,  the  Hawaiian  Islands,  and  other  outly- 
ng  possessions.  The  rivers  of  southern  Alaska  have  considerable 
rslue  as  sources  of  water  power  and  will  probably  be  utilized  in  the 
fature  in  connection  with  mining  operations  and  the  reduction  of  ores. 
rhe  vast  extent  of  Alaska  and  the  public  lands,  some  of  which  have 
preat  value  from  their  mineral  resoui^ees,  are  little  realized,  and  it  is 
mly  when  the  are^  of  Alaska  is  compare<l  with  that  of  the  States  of 
ihe  Union  that  comprehension  can  be  had  of  the  extent  of  land  surface 
uid  area  over  which  mineral  and  water  resources  are  distributed. 

ACKNOWI.KDGMENT8. 

Most  of  the  measurements  presented  in  Papers  65,  66,  and  in  this 
laper  have  been  obtained  through  local  hydrographers,  a  compara- 
ively  small  portion  of  the  work  having  Ijeen  conducted  directly  from 
lie  office  of  the  Geological  Survey  at  Washington.  Acknowledgment 
B  due  to  each  of  these  i^ersons,  and  thanks  are  extended  to  other 
lersons  and  to  corporations  who  have  assisted  the  local  hydrographers 
ir  have  cooi)erated  in  any  way,  either  by  furnishing  records  of  the 
leight  of  water  or  by  assisting  in  transportation.  The  following  list, 
urranged  alphabetically  by  States,  gives  the  names  of  the  resident 
lydrographers : 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  civil  engineer,  Denver. 

Greorgia  and  Alabama:  l*rof.  B.  M.  llall,  civil  engineer,  Atlanta; 
E*rof.  W.  S.  Yeates,  State  geologist,  Atlanta;  and  Prof.  Eugene  A 
Smith,  State  geologist,  Tuscaloosa. 

Idaho:  N.  S.  Dils,  civil  engineer,  Caldwell. 

Kansas:  W.  G.  Russell,  Russell. 

Maryland:  P^of.  W.  15.  Clark,  Stjite  geologist,  Baltimore. 

Montana:  Prof.  Sanui(»l  Fortier  and  J.  S.  Bak(»r,  Bozonian. 

Nebraska:  P^f.  O.  V.  P.  Stout,  State  Univei'sity,  Lincoln,  assisted 
by  Adna  Dobson  and  (flenn  E.  Smith. 

Nevada:  L.  IT.  Taylor,  civil  engineer,  Careon  City. 

New  Mexico:  P.  E.  ITarroun,  civil  engineer,  Albuquer([ue. 

North  and  South  Carolina:  l^rof.  J.  A.  Holmes,  State  geologist, 
;]lhai)el  Hill,  N.  ('.,  assist^nl  by  P".  W.  Myers. 

Texas:  Prof.  Thomaj!^  U.  Taylor,  Stiite  "Univer^W.^. 
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Utah:  Prof.  George  L.  Swandaen,  LqgML 

Virginia  and  Weat  Virginia:  Fkof .  D.  C.  Hnn^bi^yB,  WadUngloa 
knd  Lee  UnlYersUy,  Lexingtoii*  Va. 

Washington:  Sydney  Arnold,  elvil  engineer,  ITorfih  TaklBUL 

Wyoming:  A.  J.  Planthall,  eivU  engineer,  Cheyenne. 

In  Colorado  the  State  engineering  depeitment  (Mr.  A.  J.  MoOoai 
in  charge)  has  cooperated,  and  yalnable  aasistanoe  has  been  rendand 
by  the  Denver  and  Bio  Grande,  the  Union  Faoifio,  the  Oolando  and 
Sonthem,  the  Bio  Grande  Sonthem,  the  Atdhison,  Topeka  and  tate 
Fe,  and  the  Bnrlington  and  MissGoriBiver  railroads.  Speeialthnki 
are  also  due  to  the  ofBloers  and  employees  of  The  Oitoafe  Plains  Watar 
Company,  one  of  whose  engineers,  Mr.  C.  W.  Bleach,  has  made  mtaj 
measurements  on  the  Arkansas;  to  the  Amity  Land  and  Oanal  Con- 
pany  and  its  chief  engineer,  Mr.  Thcnnas  Berry;  to  tlie  BoflEdoOml 
Company;  to  Mr.  C.  L.  Harrison,  chief  engineer  of  the  Denver  Unifla 
Water  Company;  to  Messrs.  8.  M.  Matlock,  T.  J.  Burrows^  J.  K 
Wolaver,  L.  H.  Dickson,  Thomas  Kneale,  W.  iL  Obert^  and  oOmt 
water  commissioners  in  varions  partsof  tbe  Stato,and  tomany  cHhis 
who  have  furnished  valnable  information. 

In  Calif  omia  assistance  in  transportation  has  been  rendered  fay  Hr. 
William  Hood,  chief  engineer  of  the  Southern  Padflc  Company,  who 
has  also  procured  the  assistance  of  bridge  watchmen  in  observiog  the 
height  of  water  in  the  rivers.  Mr.  Walter  James,  cbief  engineer  of 
the  Kern  County  Land  Company,  has  supplied  records  of  Kern  RiTur, 
and  Mr.  A.  K.  Warren,  assistant  engineer,  has  also  furnished  inf(V- 
ination.  Mr.  H.  F.  Parkinson,  superintendent  of  canals  taking  water 
from  San  Gabriel  River  above  Azusa,  has  furnished  records  of  that 
stream;  Mr.  T.  F.  Keofe,  secretary  of  the  Fontana  Development Comr 
nany,  has  furnished  records  of  Lytle  Creek;  and  Mr.  K.  Sanbon, 
engineer  of  the  Riverside  Water  Company,  rendered  valuable  assist- 
ance  in  making  low-water  measui*ements.  Mr.  W.  O.  Nevin,  geneial 
manager  of  the  Southern  California  Railroad,  has  furnished  traitf- 
portation  over  the  Santa  Fe  lines  in  California.  The  Los  Angdes 
City  Water  Company  has  maintained  gagings  of  Los  Angeles  Rive^ 
which,  through  the  courtesy  of  Mr.  William  Mulholland,  city  engineer, 
have  been  furnished  to  the  Survey  without  charge.  Mr.  H.  N.  Savage, 
chief  engineer,  of  the  San  Diego  Land  and  Town  Comx>any,  has  con- 
tributed information  c(mceruing  Sweetwater  River. 

In  Georgia,  Alabama,  Florida,  Tennessee,  and  Mississippi  Pirof. 
B.  M.  Hall  and  Mr.  Max  Hall,  resident  hydrographers,  have  been 
assisted  in  their  work  by  the  following  i)er8on8  and  corporations:  Prof. 
W.  S.  Yeates,  State  geologist  of  Greorgia,  has  paid  the  observers  at 
Madison,  Tallulah  Falls,  Juliette,  Almon,  and  Blueridge,  and  for  a 
portion  of  the  year  the  observers  at  Carters,  Canton,  and  Woodbury. 
Dr.  Eugene  A.  Smith,  State  geologist  of  Alabama,  has  paid  the  observers 
at  Riverside,  Cordova,  Milstead,  Susanna,  Sturdivant,  Dadeville,  Alex- 
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juider,  and  Nottingham.  The  city  of  Augusta  maintains  the  station 
«t  Aagusta,  Ga.  The  officials  of  the  United  States  Weattier  Bureau 
liave  shown  a  great  interest  in  the  work  and  have  rendered  valuable 
ABsistance,  particularly  Messrs.  J.  B.  Marbury,  D.  Fisher,  F.  P.  Chaffee, 
li.  M.  Pindell,  W.  M.  Dudley,  and  T.  S.  Collins.  They  have  main- 
tained stations  at  Calhoun  Falls,  8.  C. ;  at  Carlton,  Dublin,  Albany, 
West  Point,  and  Oakdale,  in  Greorgia;  at  Montgomery  and  Selma,  in 
Alabama,  and  at  Chattanooga  and  Knoxville,  in  Tennessee;  and  for 
a  part  of  the  year  stations  at  Woodbury,  Canton,  Resaca,  and  Rome, 
in  G^rgia,  and  at  Charleston,  Tenn.  Acknowledgments  are  also 
due  to  Messrs.  R.  C.  McCalla,  D.  M.  Andrews,  and  G.  T.  Nelles, 
United  States  assistant  engineers,  for  cooperation  in  the  work  by  send- 
ing records  of  stations  at  Tuscaloosa,  Ala.,  and  Lincoln,  Ala.,  and 
jfamishing  valuable  data  concerning  the  Coosa,  Cahaba,  Warrior, 
Tennessee,  and  other  rivers.  Also  to  Prof.  C.  M.  Strahan,  of  Georgia 
University;  to  Prof.  C.  S.  Wilkins,  of  Alabama  Lrnivei-sity;  to  Prof. 
W.  M.  Fulton,  of  Tennessee  University;  to  Mr.  li.  S.  Weoms,  of  Car- 
ters, Ga. ;  and  to  Mr.  W.  M.  Towers,  of  Rome,  Ga.  Transjwrtation 
has  been  furnished  through  the  kindness  of  Mr.  J.  8.  B.  Thompson, 
general  agent  of  the  Southern  Railway;  Mr.  E.  St.  John,  vice-president 
and  general  manager  of  theSeaboai*d  Air  Line;  Mr.  Thomas  K.  Scott, 
general  manager  of  the  Georgia  Railroad;  Mr.  John  M.  Egan,  presi- 
dent of  the  Central  of  Georgia  Railway;  Mr.  James  T.  Wright,  presi- 
dent and  general  manager  of  the  Macon,  Dublin  and  Savannah  Rail- 
road; Mr.  John  B.  Newton,  general  manager  of  the  Atlanta,  Knoxville 
and  Northern  Railway;  Mr.  W.  B.  Denham,  general  supeiintendent 
of  the  Plant  System;  Mr.  C.  A.  Wickersham,  president  and  general 
manager  of  the  Atlanta  and  West  Point  Railway  and  the  Western 
Railway  of  Alabama;  Mr.  Hunter  McDonald,  chief  engineer  of  the 
Nashville,  Chattanooga  and  St.  Louis  Railway;  Mr.  Y.  van  den  Berg, 
vice-president  of  the  Louisville  and  Nashville  Railroad,  and  Mr.  J.  T. 
Harahan,  second  vice-president  of  the  Illinois  Central  Railroad. 

Thanks  are  due  to  the  Norfolk  an<l  Western  Railway  for  an  annual 
pass  over  all  lines  in  Virginia  and  West  Viri^inia,  issued  to  Prof.  I).  C. 
Humphreys,  and  to  the  Chesaixjake  and  Ohio  Railway  for  a  similar 
courtesy  during  the  months  of  July,  August,  and  September.  Thanks 
are  also  due  to  Mr.  Charles  S.  Churchill,  of  Roanoke,  Ya.,  for  sugges- 
tions and  assistance. 

In  Idaho  the  State  engineer,  Mr.  D.  W.  Ross,  has  heartily  (?ooi)er- 
ated.  Transportation  has  also  boen  furnisbc^d  to  Mr.  N.  S.  Dils 
and  others  in  the  employ  of  tlie  Surve'v,  througli  the  kindness  of  Mr. 
D.  E.  Hurley,  general  passenger  and  ticket  agent  of  the  Oregon  Short 
Line. 

In  connection  with  the  work  in  Kansas  tho  Survey  is  under  o])liga- 
tions  to  the  Missouri,  Kansas  and  Texas  Railway,  tiio  Union  Pacific 
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Railway,  and  the  Sant.a  Ke  Railroad  for  transportation  furnished  to 
Mr.  W.  G.  Russell,  resident  hydrt^gi-apher. 

In  Montana  assistance  has  l>een  rendered  by  the  Great  Northern 
Railroad,  by  the  Bitt/erroot  Stock  Farm,  of  Hamilton;  by  I^rof.  M-  J, 
Elrod,  of  Missoula  University;  by  J.  D.  O'Donnell,  of  Billings,  and  by 
Mr.  J.  L.  Rhead,  suj^erintendent  of  the  Big  Ditch  at  Laurel,  Mont. 

In  Nebraska  the  resident  hydrographer.  Prof.  O.  V.  P.  Stout,  has 
ha<l  the  benefit  of  the  continued  coopeitttion  of  various  public  and 
private  organizations.     Special  acknowledgments  are  due  to  the  agri- 
cultural experiment  station  and  the  State  board  of  irrigation  for  the 
service  of  hydrographers,  to  the  State  board  of  agriculture  for  the 
preparation  and  publication  of  valuable  data,  and  to  the  following 
railway  officials,  without  whose  assistance  the  amount  of  work  accom- 
plished would  have  been  greatly  lessened:  Mr.  G.  W.  Holdredge,  gen- 
eral manager  of  the  Burlington  lines  west  of  Missouri  River;  Mr. 
George  F.  Bidwell,  general  manager  of  the  Fremont,  Elkhorn  and  Mis- 
souri Valley  Railroad,  and  Mr.  E.  L.  Lomax,  general  passenger  agent 
of  the  Union  Pacific  Railroad;  also  to  Prof.  A.  B.  Crane,  of  the  South 
Dakota  Agricultural  College,  for  measurements  of  Big  Sioux  River. 

In  Nevada  officials  of  the  Southern  Pacific  Railroad  Company,  of 
the  Nevada-California-Oregon  Railway  Company,  and  of  the  Lake 
Tahoe  Railway  and  Transportation  C'ompany  have  furnished  transpor- 
tation to  Mr.  L.  H.  Taylor,  enabling  him  tx)  greatly  extend  his  field 
work. 

In  Wyoming  transportation  havS  been  furnished  to  Mr.  A.  J.  Par- 
shall  by  Mr.  E.  Dickinson,  general  manager  of  the  Union  Pacific  RaH- 
road;  by  Mr.  G.  W.  Holdredge,  general  manager  of  the  Burlington  and 
Missouri  Railroad;  by  Mr.  George  F.  Bidwell,  general  manager  of  the 
Fremont,  Elkhorn  and  Missouri  Valley  Railroad,  and  by  Mr.  Frank 
Trum])ull,  general  manager  of  the  Colorado  and  Southern  Railway, 
thus  greatly  increasing  the  amount  of  work  accomplished. 

In  Washington  the  work  has  Ix^en  facilitated  by  trans|:ortartion  fur- 
nished to  Mr.  Sydney  Arnold  by  Mr.  Thomas  Cooper,  general  man- 
ager of  the  Northern  Pacific  Railway. 

NOUTIIKRX  ATTjANTIC   COAST  DRAII^AGE. 

Under  this  heading  have  been  included  data  pertaining  to  the  riveis 
entering  the  Atlantic  ()e<»an  from  Maine  to  Virginia,  inclusive,  an 
arbitrary  lin(?  being  drawn  between  James  River  and  Roanoke  River, 
the  latter  stn^am  being  included  in  the  southern  Atlantic  coast 
drainage. 

In  order  to  systematize  tlie  work  of  stream  gaging  in  Maine,  perma- 
nent gaging  stations  were  established  during  the  seiison  of  1001  by  the 
(■Jeologieal  Survey  on  a  number  of  I'ivtM-s  in  the  State  of  Main<?  that 
are  of  peculiar  int(M'est  on  account  of  their  water  powers.  Practically 
£ll  of  the  data  heretofore  published  on  the  Maine  streams  have  been 
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rnmished  through  the  courtesy  of  local  engii^^erH  and  milling  com- 
Mnies  from  their  own  recordH.  Ah  the  data  obtaiiKKl  at  the  newly 
sstablished  statiouH  are  a8  yet  too  incomplete  to  warrant  coinputation 
Rf  the  discharge  at  these  ixnnts,  no  result-H  of  meaHurementn  are  given 
Sor  1901.  As  in  preceding  years,  records  of  <laily  <lischarge  have  l>een 
cept  by  the  Forest  Paper  Company  at  YarmouthviUe,  M<^,  on  Cob- 
KMseecont'Ce  River,  at  the  reservoir  dam,  near  Augusta;  by  the  Rum- 
tord  Falls  Power  Company,  at  Rumford  Falls,  on  Androscoggin  River, 
ind  by  Mr.  Hiram  F.  Mills,  of  Lowell,  Mass.,  on  Presunipscot  River, 
it  the  outlet  of  Sebago  Lake.  The  results  of  these  measurements 
!<or  1901  are  given  in  the  following  pages,  where  are  also  given  n^sults 
if  observations  made  on  Penobscot  River  at  Sunk  Hazc^  Rips,  near 
SostiKAQ)  Me.,  for  the  years  1899  and  1900.  A  full  deserix>tion  of  the 
Haine  rivers  and  their  drainage  basins,  together  with  tiibulated  state- 
iients  of  their  flow,  has  been  published  in  Water  Supply  I'aix^r  No.  fiO, 
sntitled  "Water  Powers  of  the  State  of  Maine,"  by  II.  A.  Pressey. 

Measurements  of  streams  in  New  York  State  have  l)e<Mi  inad(^  as  in 
pievious  years  with  the  cooperation  of  the  St4it(^  engineer  and  sur- 
reyor,  Edward  A.  Rond,  and  the  deputy  Static  engineer  and  surveyor, 
William  Pierson  Judson,  under  the  immediate  siiiK^rvision  of  Robert 
B.  Horton.  The  majority  of  these  stations  wen^  primarily  <^tHblished 
in  connection  with  a  study  for  the  water  supply  of  the  New  York 
State  canals  and  the  Upper  Hudson  storage  survey.  The  gage  records 
for  1901  and  tabulated  results  by  months  for  the  entire  period  of 
observation  for  each  station  have  l>een  publlshe<l  in  Water-Supply 
Paper  No.  65.  During  1901  additional  stations  were  establish<Ml 
ttirough  cooperation  of  the  department  of  water  supply  of  New  York, 
George  W.  Birdsall,  chief  engineer,  for  stu<lying  the  possible  sources 
of  future  municipal  water  supply  for  OreatcT  New  York.  These 
stations  are  located  as  follows:  Dover  Plains,  on  Tenmile  River;  South 
Cairo,  on  Catskill  Creek;  Kingston,  on  Esopus  Creek;  New  Paltz,  on 
Wallkill  River;  Rosendale,  on  Rondout  Cre^k;  Olenhani,  <m  Fishkill 
Creek;  and  Gaylordsville,  on  Ilousatonic  River.  With  the  exception 
of  the  last-named  station,  which  is  in  Conneetieut,  iIk;  stations  are  all 
-within  the  State  of  New  York.  Descriptions  of  t  hese  stations,  together 
"With  records  of  gage  heights  and  n^sults  of  m(»asurement8  of  the 
streams  made  in  June,  1001,  by  H.  A.  Pressey  and  R.  E.  Horton,  are 
published  in  Water-Supply  Pap(»r  No.  05,  pag(»s  r>[)-UO. 

Following  Is  a  complete  list  of  the  Kf»^ii»J^  stations  maintained  dur- 
ing the  past  s<^ason  in  the  State  of  N(i\v  York: 


Baqnette  River  at  Hannawa  Falls. 
Black  River  at  Watertowii. 
Black  River  at  FeltH  Mills. 
Beaver  River  at  Tisst^s  BridK*". 
Indian  River  at  Indian  Lake  Daui. 
Schroon  River  at  WarroiiHliiirg. 
Ifoose  River  at  Moose  River. 


Salmon  River  at  Piilaski. 

Oswi^'o  RivMT  at  Fnlton  (High  Dam. 

Minetto  Station). 
Seneca  River  at  Baldwinsville. 
Skaneatoles  OutL't  ut  Willow  Glen  an' I 

Jordan. 
Genesee  RiveT  9i'j  l\.oc\i<a8^A!t. 
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dran  I  ^ 


QneidA  Rivor  at  Browevton. 

Wert  Branch  Fish  Creek  at  MoOoimells- 

▼iUe. 
Gbittenango  Greek  at  Bridgeport, 
ddttenango  Creek  at  Chittenango. 
Oneida  Creek  at  Kenwood. 
Mohawk  Biver  at  Bidge  Mills. 
Wert  Canada   Creek  at   Twin   Book 

Bridge. 
Oriakany  Creek  at  Woods  road  bridge. 
Saqnoit  Creek  at  New  York  Mills. 
Mohawk  River  at  Utica. 
Wert  Canada  Creek  at  Middleville. 
Mohawk  Biver  at  Little  Falls. 
Eart  Canada  Creek  at  DolgeTiDe. 
Cayadntta  Creek  at  Johnstown. 
Hndson  Biver  at  Fort  Edward. 
Schoharie  Creek  at  Fort  Hunter. 
Schoharie  Creek  at  Millpoint  Aqnednot. 


SdhohaiiB  Qnek  at  Sohohaiie  iPUk. 
Mdhawk  BlvOT  at  flehnebtady. 
Mohawk  Bhnar  at  BosffoKd  Flate. 
Hmjson  Binir  at  Miwhairiovflle. 
Mohawk  Biver  at  DmataaolL  Feny. 
ITormanAfll  OnA  at  FkwMh's  MQL 


Ki 


KindiBriiock  Qnek  at 

WHaon'Bdan. 
CMddn  Qnek  at  BoDth  Ortm. 
Bnpos  Greek  at  Sncrton. 
Bondoiit  Otwk  at  BoasDdala. 
Wanun  Bhnar  at  iJTefw  Pilti. 
Fiahkffl  Qnek  at  Cteiham. 
Bondont  Otwk  at  Honk  FaOs. 
Croton  Biver  at  cU  OrotoB  dam. 

Temnfle  Blvar  at  Dover  Plains. 
Biflhellsn  Biver  at  Fort  Montgomsry 


nd 


I 


NEW  ENGLAND  8TRBA1C8, 


EMmated  monthly  diaeharge  o/ Anobseol  Meer  near  CfoBHgan,  Jf«. 
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Month. 


October  . . . 
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April 
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14,100 
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2,880 
8,800 
4,800 
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26,200 
29,200 
36,600 
44,200 

7,800 
11,800 

4,850 


2,764 
7,170 
9,014 

14,876 
87,262 
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52,407 
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20,485 
18, 769 
10,722 
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feetper 
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0.81 


1.81 

2.00 
5.00 
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7.08 
7.60 
2.74 

1.85 

1.44 

.60 
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ITOBTHKKN   ATLAHTIO   COAST   DBAIKAGE. 
noted  montltijf  diMeharge  of  Cdbbotattetmtee  River  near  AugutAa, 

,  W  nqnare  miles.] 


DlKhu^iSKcon 

d.teet. 

Eon^ff. 

Month. 

M«ii. 

Seoond- 
feetper 

■ssr 

^taJ° 

1901. 

350 

320 

1,404 

■       8,205 

488 

610 

280 

280 

280 

270 

250 

2,700 

»0 
130 
130 
360 
36 
280 
280 
280 
370 
360 
330 
230 

381 
173 
844 
2,046 
390 
306 
280 
380 
274 
263 
240 
626 

1.00 
.76 
1.60 
8.00 
1.20 
1.88 
1.23 
1.33 
1.19 
1.10 
1.07 
2.29 

1.90 
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3iMj 
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&timated  monthijf  diaeharge  of  Praumpieot  tUver  at  outlet  c 

[DralDBse  ana,  ITD  aqnim  mlleii.] 
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Dec(nii]>er-    ...  TOO  200  916  1.81 

They«ar 

NoTK.— DBllr  dlKlurae  lor  IME  la  glTen  lu  WKtvr-Supply  Papar  So. «,  page  m. 
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JSttimateii  monfAltf  dUehargc  of  Boutatonie  Riitr  at  OaytordtHlle,  Oonn. 
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Fio.  S.— EHxdnrge  of  Oawego  Btver  at  bigb  dsm,  New  York, 
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Pia.  7— DlflChareo  "f  M.>httwk  Rivur 

PASSAIC  RIVER  BASIN. 

aging  stations  were  eii(HbliMli<-<1  durinj;  litoi  on  the  Piisstiic  River 
on  Pompton  Kivcr,  il«  priiipipal  tribuhiry,  at  Two  Bridges,  N.  J., 
aeorgo  B.  lloUisl^r,  uiuler  wlio»e  direction  systeotatic  iiieaHiiix^- 
ita  are  now  beiug  carried  on.     The  two  rivers  drain  nreiLS  of  the 


wnwAW  mABTncmmiTii  rs  Tm. 


nro.1 


tuiRio  extent,  though  different  in  t'hara<ri©r,  tin?  I'ompton  drainiog 
ihe  higli  lamlfl  of  itortheni  New  Jersey  iinii  part  of  New  York  8 
while  tlie  I'assaic  flows  through  com p& rati vely  level  landa.  Followinf 
are  the  results  of  meaeiirements  for  1901 : 

Entimtited  ttutnthly  dUicJuirge  uf  Aiawiit-  Miver  at  Two  Bridgtm^  N.  J, 


afar- 

Jans  1-33  . . 

July -. 

August 

September  . 

October  . . . 
November.- 
Deoember .. 
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1.34 
8.»I 
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Estimated  mimthlg  dinc/utrge  of  Pompton  Jiiotr  at  yti'o  Bridga,  N.  J 
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"  Appnixiniato. 
gbbi  and  diHt'harK*' iu«':isur(*mo:)ts  fm-  \Wi  an^KivtMi  in  WAt««i**8up|»ly  IVi|w«r 
AfniC  table  on  iitkicv  31M  of  Haino  iiii)M>r. 


9TBEAM    MKABrBESOtPJTfl   TS   IBOl. 


a-i-n. 

"IX 

■>.-«■  T-ipBT-lliV  J  juWf 

i"S| 

AUO. 

TO 

1    JO  1 

bet      »«lwt   r. 

-- 

1 

i 

11 

III 

-• 

111 

c 

t 

m 

r 

1 

-■ 

1     1 

M 

1 

1 

1 

I 

I 

I 

1 

m  'WW 

1 

1, 

Fill  S,-DtochiUTte  I*  IVlBimro  BItw  ot  Lsmbertrtllii,  N.  J. 

Dbchftre*  in  uooad-ftM. 

Bnimlt, 

Xaatb. 

^x,.^ 

M^™. 

Hcwi. 

Seoonil- 

a^ 

Jturaary 

IBOl. 

1,788 

11 

8,SS8 

S,3S8 

1.8II* 

380 

7 

S3 

aoi 

4,039 

13 
31 

a 

481 

97a 

902 
58 
S 

«) 

27 
622 

1.43 
.Ml 
4.B3 
it.S8 
l.W 

..i: 

.05 
1.21 

.as 

.36 
6.10 

.<■ 
0.11 
4.9 
>.« 

.H 
.« 
1.4D  ' 
,4< 

.90 
.9 
7.0! 

MrtcU 

April __ 

3m» 

Avgwt 

October 
KoremlK 

'- 

Deosmber . 

Th 

«y 

« 

4,(IS» 

» 

178 

1.70 

31.« 

NOTX.— Dktlr  dlnharge  for  IWl  !■  glvwi  In  W^Btfir^npply  Pkper  Ho. «»,  pi 
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vied  monthly  dimsharge  of  Neshaminy  Creek,  Penngplvania,  below  theforkn. 

[Dndnage  area,  180  square  milee.] 


Dinoharge  in  aeoond-feet. 

Ban-off. 

Month. 

Minlmnm 

Mean. 

Second- 
feet  per 
sqnare 
mile. 

Depth  in 
inches. 

1901. 
•y 

1,965 

72 

4,624 

1,774 

1,029 

509 

1,820 

2,8a5 

1,676 

78 

1,178 

8,829 

81 

41 
51 
92 
88 
41 
81 
68 
45 
22 
18 
48 

151 

46 

421 

484 

258 

111 

179 

881 

196 

89 

78 

549 

1.09 

.88 

8.08 

8.12 

1.82 

.80 

1.29 

2.88 

1.41 

.28 

.56 

8.95 

1.26 

iry 

.84 

mm  J        -----_--..-.._.-•__. 

8.48 

8.49 

2.10 

.89 

1.48 

i 

2.75 

Omt 

1.57 

r  — 

.82 

ber 

.62 

ber 

4.55 

rhe  year 

4,624 

18 

282 

1.67 

22.85 

_. A 

—Daily  discharge  for  1901  is  given  in  Water-Snpply  Paper  No.  65,  page  ^6. 

Estimated  monthly  discharge  of  Perkiom^en  Creek  at  Frederick,  Pa, 

[Drainage  area,  IfiS  square  miles.] 


Discharge  in  second-feet. 

Runoff. 

Month. 

Maximum. 

Minimam. 

31 
29 

Mean. 

Second- 
feet  per 
square 
mile. 

0.91 

.29 

2.91 

2.22 

1.55 

.78 

.29 

1.21 

.57 

.33 

.47 

3.67 

Depth  in 
inches. 

1901. 
y 

1,623 

84 

139 

44 

441 

337 

236 

119 

44 

184 

87 

80 

72 

557 

1.05 

jy 

.30 

J       -- 

4,717                46 

2,237  '              58 

1,113                67 

547                36 

137                 12 

1,433                36 

250                 38 

3.a5 

2.48 

1.79 

.87 

.33 

1.40 

.ber - 

.64 

r 

200 

368 

6,017 

31 
36 
51 

.61 

ber 

ber 

.52 
4.22 

The  year 

6.017 

12 

195  1 

1.27 

17.56 

^onL^Vmnr  diacharge  tor  1901  is  giyen  in  WateT-Bupply  ^PapeTlS^o.^^  Vi«b%A« 


I 


EAH   ItEAStJBEHEN-tS    IN    ISOI. 


.hmnury 

Febninr.v 
Manli  l-l 
Angust  - .        -  -  -  - 

8eptemt)er 

October 

NoTBmber 
X>ectnnbeT 

Man.— IJkUr  dlai'tuLri^  for 


■r-Sujipls'  Pbijpt  No.  ffi,  jkisbSI^ 


SUSQUEHANNA  RIVER  AND  TRIBUTARIES. 

During  19U1  ineasureiuunttt  have  been  made  of  Susquehanna  River 
and  ill*  principal  tributaries,  as  follows:  North  Branch  of  Siiwjnf- 
tiannu  KivtT  at  Wilkesbarre,  Pa.,  and  at  Dauville,  Pa. ;  West  Untui'Si 
of  Susquehanna  River  at  William  sport,  Pa.,  and  at  AUenwcxxl.  Ph.; 
Juniata  River  at  Newport,  Pa.,  and  Sustguehanna  River  at  Harris- 
liurjt,  Pa.  Owing  to  lack  of  sufBeient  discharge  meaauremeuts  the 
inouthly  figures  of  flow  for  the  Williamsport,  Wilkesbarre,  and  Allen- 
wood  stations  were  not  computed  for  1901.  Ret^ults  for  thi'  othff 
stations  are  given  in  the  following  tables,  the  figures  of  discharge  fw 
theSusijnehannaat  Ilarrisburg  inoludingfheflowof  the  Pennsylvani* 
Canal  at  that  point: 


vitle.  Pa. 

[DTBinngearea.  n.(m)BCiTi«*inJli«.] 

a  River  at  Z*»- 

DiBchnTBe  In  Bemnd-ftet 

Bim-cB. 

Konth. 

.^„. 

MlilTinm. 

.«. 

■sar 

«.' 

1901. 

"30,000 
"80,000 
■'.13,136 
88.130 

3.71 

a.  71 

4.71 
8.44 

Pebrnarv 

March 

April  -- 

88,640 

32.400 

HOBTHKBir   ATLAHnO   WAST   DBAUTAGE.  SI 

u  Riverat  DantfilU, 


8s,eoo 

74,960 
6.400 
56,240 
13, 13.1 
8,100 
ST. 440 
139.760 

139.780 


aApprnrlnute, 

elghte  and  OimsbiiTge  meum ■"*-  •— 

nttDK  table  on  page  81tt  of  n 


14.310 
6,S00  I 
3,500  ' 


3.600 
2,7M 
7.200 


2.'),  SOU  , 

30.223  , 

4,079  j 
12.646 

S.042  I 

«.4I2  I 

an.  246  I 


re  Kivea  In  Wator^apiilr  P 


foted  monthly  diteharge  of  Juniata  Riivr  at  Newport,  Pa. 
[Dnltn^  arm.  R,47fl  wiiun-  mlloi.l 

Ww hargn  In  weond-ftHit. 


49,000 
4(1, 50U 
34.fKM) 
fl.iNMJ  I 
1 1 .  l-IU 


6.782  I 


0.64 
.76 
8..!t0 


8.79 
1.95 


1.30 
1.00 


.'S,8.W  . 
70.  (KW 


91  are  ilTeii  In  WaMr-Bi 


8TBSAH   HEABUBXaCEirTB   IK  IWl.  [Ko- 

EttiTnated  monthly  diteharge  of  SwtqueJtanna  River  at  Harritbttrs,  Ai. 

tDimlnace  u«K,  BtXBO  aqiuue  mile*.] 

DtaoharKe  In  ■aoond-rset. 


Janttary.-. 
Febmary  . 

Uarch 

April 

May 

Jnly 

Angost  ... 


October 

Noyeraber  - 
December.. 


The  year 347. 100 


27,986 
3S,400 
198,160 
20S,S90 
311,060 
187,790 
24,600 
133, SSO 
54,435 
19,800 
58,910 
347,100 


7,880 
11,900 
11,125 
47,276 
27,025 


8,475 
11,125 
0,450 
6,880 
15,100 


6.880 


.   n. 

f'£ 

'^'f- 

MAR.  1     APR 

HftV    1  JUNE 

iK 

»"• 

"K 

loSo 

KU'il 

1 

!l 

1 

ai.m 

1 
1 

1 

1 

1 

H 

1 

1 

...... 

1 

1 

ll 

1 

1 

1 

|l 

■ 

i 

LI 

„ 

i 

h 

i 

i 

I 

r 

1 

1 

r 

1 

1 

1 

i 

i 

k 

y 

r 

1 

m 

L 

1 

M 

Fro.  9.— Dbcbarge  ol  SnaiiuehamiB  RItc 


it  Harrlsburg.  Pa..  UOL 
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PATAP8CO  RIVER. 

te  river  rises  in  the  north  central  part  of  Maryland  and  empties 
Chesapeake  Bay  about  13  miles  below  Baltimore.  Its  waten<hed 
hilly  countr>%  largely  under  cultivation.  The  station  at  Wood- 
c,  Md.,  was  established  August  6, 1896,  since  which  time  continu- 
records  have  been  kept,  which  have  been  published  in  former 
lal  reports.     The  record  for  1901  is  given  herewith. 

Estimated  monthly  dincfiarge  of  Patapmn)  River  at  Wmnhtof^k,  Md. 


[Drainagre  area,  ftl  square  mileH.] 


r 


Month. 


Dia(;liarfre  in  fie(»nd-f(H't. 


Mazimnm.   Minimum.         Mean. 


1901.  ' 

try 670  V22  207 

lary 810  1H«  289' 

h.... .._ 5,075  252  792 

2,102  IfW)  508 

1,600  160  Hm 

...  1.100  91  276 

.- ...  1,600  100  245 

8t . .  5, 280  66  866 

naber  "  _ 

•er 590  111  209 

nl)er.. 2,000  91  289  , 

»ter.... ..    ....  8,048  810  1,014 


"No  record. 


Run-off. 


8e<'ond-   [ 
feet  per     Depth  in 
Hquaro     {   inrhen. 
mile. 


0.82  i 

0.95 

.95 

.99 

8.  16 

8.64 

2.02 

2.25 

1.51  • 

1.74 

1.10 

1.28 

.98  , 

1.18 

1.46 

1.68 

.88 

.96 

.  95 

1.06 

4.04 

4.66 

— "CHge  heights  and  difschargv  mcasurementH  for  1901  are  K^ven  in  Wator-Supply  Paiwr 
828;  rating  table  on  page  318  of  same  iiaper. 


POTOMAC  RIVER  AND  TRIBUTARIES. 

'^^ac  River  is  formed  by  the  junction  of  the  Nortli  and  South 
^^i8,  about  15  miles  l)elow  C'unibcM'lainl,  Md.  Regular  ^aji;ing 
*^  have  been  maintained  on  the  North  J>ranch  at  Piedmont, 
•^  ,  on  the  South  Branch  near  Springfiehl,  W.  Va.,  on  Antietam 
^^ear  Sharpsburjj:,  Md.,  on  the  Xorth  Branch  of  Shenandoah 
^^ear  Riverton,  Va.,  on  the  South  I^ranch  of  Shenandoah  River 
^^X)nt  Royal,  Va.,  on  Shenandoah  River  at  Millville,  W.  Va., 

>mac  River  at  Point  of  Rocks,  Md.,  and  on  Monocacy  River 
*^ Frederick,  Md.     During  a  floo<l  in  th<^  early  part  of  1902  the 

and  the  gage  near  Springfiehl  were  carried  away  and  the  sta- 

:*3tR  75—02 3 


tioiiwas  abandoned.     It  was  established  June  26, 1899,  and  th^ivsulu 
of  thp  measurfinifintw  for  the  entire  period  are  published  below. 


Jauimry . 
Febrnary. . . . 

April --- 

VMf 

June 

Jiib^ 

Angart 

September  _     ... 

October.-- 

November 

Deoember    

The  year... 


3.3«0 

»»6 

« 

I.6K 

I.N 

T05 

aw 

408 

.W 

LOB 

a,«w 

300 

1.S58 

3.<W 

t^ 

4.280 

872 

1,810 

4.4.T 

aX 

*,200 

47S 

I.4S2 

».4tf 

4.01 

1,730 

ADO 
170 

IWT 

3.80 
1.18 

s.n 

3.400 

m 

1.800 

14B 

4»i 

2S4 

l.M 

.no 

i« 

MO 

.11 

.                   380 

100 

ISO 

.83 

X' 

352 

77 

187 

.84 

a 

B,2M 

303 

1,271 

8.13 

.,« 

77 

780 

1.88 

1 

^inW.l«r,SupplTftP' 


mthli/  discharge  of  South  SrantJi  of  Potomac  River  nirnr  SpriagflS. 
W.  Va. 


[Dnliu«BBr«.  I.UOiq>unmlkB.] 

IIOIH* 

Uonlh 
1899. 

1 
■ 

«|^^ 

July 

730 

240 

358 

o.M ;    i* 

Angnst  ... 

i            400 

m> 

386 

.«!       .=9 

September 

4O0 

350 

338 

.83           .<' 

October . . . 

1            890 

3,'(0  ' 

SS2 

.23     .y 

Norember. 
Pocembet. 

[        3,240 

1        3,150 

400  1 

.134 
.001 

.7.          .* 
.73  1        ^ 

vcmoMEa  JOLumo  ooasi  dbainaob.  85 

momtUj/  MtAarge  ofBtnUh  BrantA  ofPatomaoIiirrr  urarapritigfifkl, 
W.  V'a.— Continued. 


4.»K 

3.T.W 

.1.4)5 

S.fWO 

8W 

B,l»n 

1.790 

!  780 

860  i 

'  000 

r>,88B 

.1,680 

r«W B.18S 

IWl.  '            :' 

.- ■1.43.1 

WW 

7,.)7.1 

10,lfC>  I 

8.aai 

7.0S.-1 

■■t.O.'iO 

,  .  ItWl 

. . .  ,  , I ,  UTO 

_ 1.6UI 

«.  7:1.1 

'mx lO.iai 


I   feat  per    Daptb  to 


1.7« 

1.88 

a.  17 

3.51 
1.1.1 

2.;i.t 


I.  W»tor-Snpi>l)-  P"!"-! 


'•'  iWfflAM    MEABIJBEMKNT8   IN    IHOK 


^ 


■iilhly  iliaahari/i'  "/  AntieluiH  Oretk  tiriir  Hharjisbiinj,  Md,' 

|t>ralniu(<'  iirvii,  WiiquarD  milea.) 


"ctober . . . 
Toveaiber 


1  WKMr-Sqv^ 


,:]stimatril    iii'<tifhlti   'lis''liiir(/i'   ■•/   Sfirth    Brani-h   -f  Shriuiniltfaii     Rivtr 
Riveilon.  Va. 
IDraluage  *reK,  1.034  square  mlUa.] 


IttOl. 

Jannary . ,    .     2,  tH.j 

February ..     ..'  380 

Mart:h 11.370  ' 

April 15.870  ' 

May  __ 13,91.1 

June  -  -  - 10,  fKJ.'i  j 

Jnly  __._ 4,94.5  | 

AngUBt___ ;t,4'i0  I 

September  .  _ — ;  2, 7Ho  ' 

October '  l.filO 

November S.OTO 

December __  14, 145  , 

Theyear I  15,870  [ 

Note.— a>ge  belghta  BDd  dlncharice  meuaurenien 
'A.  K  i«^  i^j  mtlng  table  on  page  3ie  of  Hme  pa 


Mlulmom. 

HMD. 

215 

676 

340 

288 

190 

1,378 

747 

3,622 

B20 

3,578 

1.365 

2,787 

.530 

1,597 

430 

960 

feet  per 
mile. 


3.50 
2.49 


ID  in  Wkter-Sapplr 


BLBnmi..] 
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^MdmaUdmomikiifdimiharge  of  Sauih  Brands  of  Shenandoah  Bicer  near  Front 

Roifoi,  Va. 


[DwilTMHf» 


14m  Bqiyure  mUfls.] 


Month. 


1899. 


1900. 


The  year 


DiMshsrge  in  second-feet. 


Bnn-off. 


llaTlinnin. 


915 
1,350 
2,050 

640 
6,070 
4,090 


10,840 
7,600 

10, 750 
8,640 
1,975 
5,890 
MOO 
750 
l,a52 
4,090 
6,790 
5,260 

10,840 


ICinimnm.  1      Mean. 


8a5 
815 
440 
410 
605 
470 


915 
915 
1,640 
1,100 
675 
6a'5 
470 
860 
815 
503 
585 
675 


-.«  I 


315 


Second- 

feet  per 

(tquftre 

mile. 


Depth  in 
inchen. 


2,186 

2,400 

8,482 

1,744 

1,127 

1.708 

736 

498  : 

457 

1,020 

1 ,  255 

1,894 


1 ,  500 


4f»8 

0.81 

556 

.85 

717 

.46 

514 

.:w 

1,205 

.  1 1 

1,098" 

.70 

1.89 

1.58 

2.22 

1.11 

.72 

1.09 

.46 

.31 

.29 

.65 

.80 

.89 


0.86 
.40 
.51 
.88 
.86 
.81 


1.60 

1.59 

2.56 

1.24 

.88 

1.22 

.58 

.86 

.82 

.75 

.89 

1.08 


.90    12.92 


■(/<•  I./  South  Branch  of  Shmtiiidimh  Hirer  ii. 
RiiffnI.  I'd.— Continund. 


T1Wit»r|ii  til  n iT  fiiiil 


Jannary . . 
Febmftry 
March    . . . 

April 

toy 

June 

July 


September  . 
October .... 
November.. 


5.360 
1.300 
11,1)911  ! 

S7..W0  i 

II.SHO  ! 
IR.ISU  I 
D.MO 


OTR 

,.»: 

T18 

1.TT9 

tm 

930 

1.300 

4.«68 

470 

».ono 

4.31 
S.U 


8.»7 
1.93 


■  n>r  Ifltn  BH  glvsn  In  Wrtor^npplr  ftp' 


111'.  "H  i»ge  31B  of  mme  imper, 
Eetimatnl  mrmthly  ilinrliuriji:  iif  SlitnaHtUHili  Riivr  at  Millvillt,  W.  Va. 
[DrailUKi-  aTm.  2.H»  square  mlW.; 


Dlaohftrge  in  Heomd-foet. 


January.  _ . 
Febmarj-  . 

April 

May 


5,790 
1,950 
17.840 
39,530 
29.840 
2a.«40 
13.880 
a.  780  I 
11.280  ! 

October i       6.330  | 

November i       3. 950  ' 

December j      80,160  I 

The  year  _ _ I      30, 160 


Jnly  -      . 
Aognet. . 


840 
3,  SIS 
2.600 
3.740  1 
1.310 
1.735 


ttntiier    j 


1.10 
8.54 
3.56 
2.54 
1.45 


8,808 

io,«ia 

7,«T4 
7,593 
4.344 
8,480 
3,487 
1,784 
1,36« 
6,431 
4,847 
■B  fiven  In  Vatttr^npiilT  Pw" 


U-]  Tiovtaxaxt  ATLAHTia   OOAST   l>RAIirA0k. 


M 


Tta.  lD.-DlMhMr|»  ct  Bht— ndoah  Blnr  at  XlllTllla,  W.  Tb.,  UOI. 
WMmaUdmontbit  dtaeAarge  Of  PotfMtM  IHver  at  Point  of  Jtoeln,  Md. 


1001. 


Rnniiff. 


I 


1MXJ 6,020 

W,6I0 
173,150 

in,iM) 

, I  49.300 

,  37,060 

Bt 30,950 

mber '  28,270 

•r !  11.900 

nber 20.  WO 

aber 189.890 


Thejrear.. 


172. 1.W  ! 


13,»7« 
40,839 


19,398 

10,715 


4.2S  ' 


l.«T 
4.7S 
3.44 


3 

»o| 

7..'i39  j 

.78 

.87 

3 

wo 

4,206  , 

.44 

.51 

2 

380 

4,681 

.48 

.54 

4 

aool 

36,426 

2.74 

:t.l6 

' 

14.440  ' 

I..W 

30.39 

rs  girtia  In  Wktar^opp);  Paper 


wm 

^^^^^^TtEAM    MKASIIRKMK.VTS    rx   IWH.'    -^^^^"^MH 

3w.-ft, 

^'m 

\o 

10  M 

loii 

1    M 

10  » 

10  » 

KiS'ill 

\ 

.,.,.., 

fl  1,11111 

1, 

1 

DUOl 

li 

1 

L 

Kl 

ll 

ill 

k 

ri 

1 

i 

lam 

il 

II 

1 

.^ 

1 

■ 

■ 

m..,lhl, 

..W„fP..tu 

nui.:  Rivi-nH  P..int  ..f  Rcck,^  Mrt  ,  lUPI                             I 

lu. 

«..„ 

*1 

.„ 

.-^ 

- 

1 

DunbATKe  iJD  «llOODll-ri«t. 


M„„t!, 

HsiiiuDni. 

Mlnimnm. 

Janimry 

a.  no 

150 

Febmarv  .     ._ __ 

550 

340 

April 

U.2M 

TOO 

a.  750 

Sm» 

July                   

T50  1             l«l) 

Angnat          _ 

i.wmt          150 

October          .            .  -.   

(MXI               ISN 

November        

3.M4  ,            3in 

Deceinl)fr            ..             

U.364 

:a8o 

Thir  ypBr 

15. 1»t4 

,.,, 

Mnri.—l.tAice' liitl|K)iti>  uiiil  ilinliari^ 

■.u.«u>Qnimeiit«f..r  1«)1 

Ho.  IB.  MKo  SIM;  mtlnB  tBliU-  on  ,<ag 

;(HI  of  «me 

paper. 

347 

53  ' 

H 

a.086  ,        ;i 

14         fl 

K 

3,650  '■        :i 

«8          ' 

tl 

i,r.2i         3 

at      2 

M 

XT")  1         1 

!«           1 

aaa 

50  1 

SH 

4ft4  1 

7ft  1 

Kl 

■M\  , 

4T  ' 

S3 

38» 

4» 

^ 

4BR 

74  1 

» 

2.198^         S 

»o      s 

HI 

1.001            1 

51         30 

SI 

m  In  WMer-BapplyW* 


vonn 


:i  H  1. 
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JAMBS  RIVSR  AND  TRIBUTARIES. 

of  measiiremeiitB  have  been  kept  as  in  previons  years  on 
James)  River  at  Glasgow,  Va.;  on  James  River  at  Bn- 
a.,  Holeomb  Rook,  Ya.,  and  at  Cartersvllle,  Va.  A  station 
ished  on  Appomattox  River  at  Mattoax,  Va.,  on  Angust  26, 
was  maintained  during  1901.  The  results  of  measurements 
tion  for  the  entire  period  are  given  below.  No  results  are 
for  the  station  at  Holeomb  Rock,  as  no  discharge  measure- 
made  at  that  place. 

ed  manthiif  diatkarge  of  North  {of  Jam^  River  at  Olasgow,  Va, 


[DralnAfe  mntL,  ttl  BqoAre  mflM.] 

DiKharge  in  aeoond-faet. 

Bnn-iifP 

XoDth. 

iJKwlmnm. 

Minimam. 

Mean. 

S«cmid- 

feeti>er 

sqnaro 

mile. 

Depth  in 
ini^hen. 

1001. 

....    - . 

i        8,603 

280 

761 

0.00 

1.04 

. .      .  - . 

400 

280 

880 

.41 

.48 

.   /.. \        7.050 

280 

1,757 

2.11 

2.44 

. . 

12,170 

720 

8,124 

3.76 

4.20 

.... 

12,170 

650 

1,006 

2.40 

2.77 

... 

14,015 

685 

2,246 

2.60 

3.00 

2,100 

400 

847 

1.02 

1.18 

...         7,060              SiSU) 

1,708 

2.16 

2.40 

3,008 

450 

724 

.87 

.07 

845 
450 

280 
250 

305 
280 

.48 
.  35 

.55 

.30 

24,000 

3H0 

3,240 

3.00 
1.75 

4.50 

_  _  _  _  _ 

1 

aar 

24,060 

250 

1,418 

23.06 

» heights  and  discharge  measurements  for  1901  are  given  in  Water-Hnpplv  Paper 
&;  rating  table  on  page  819  of  same  paper. 


ATLAimO   OOABT   DBAIKAOB. 
•Ittimated  moiUMg  diaeharge  afJame»  ttivrr  at  Biwhanan.  Vit. 


Hailmiun.    Hlnlmam,  I 


lyew 48.260 

age  heigbU  aud  duwharKe 


»,8W 

a.  870 

8,680 

4.ir 

4.65 

3t.nD| 

1,0U  ' 

5.682  ! 

2.8fl 

»..to 

aii.M8 

1,060  . 

r..BOO  1 

3.72 

8.oa 

S,1B5 

840 

3,8W 

1.9A 

1.45 

x.an 

750 

4.688 

■J.  a? 

3.63 

0,960 

670 

1.6a'> 

.78 

.H7 

480 


3,72ft  l.«l  ^      34.64 

given  In  Water-flapply  P>per 


leuUforltOI 

Mitnated  motUMy  diteharge  of  James  River  at  CarterwviUe,  Vit. 

[Dradnase  area.  fLZfi!  Minare  mllefi.] 


Dlacbarge  in  Beconil-fael 


feet  per   i  D«plh  Id 


34,8H0 

2,75.'> 

9.220 

4,666 

2,668  1 

8.048 

2».a()o 

3,411  1 

M.3I7 

62.76.1 

8,76.5  ' 

■n.rm 

75.  MOO 

5.800 

l7.Tfl3 

.W.WH) 

7.340 

17.173 

17.800 

.1,021 

7.7.W 

47,00') 

2,406  ' 

in.6«N 

26,300 

3,a04  , 

fi.aw 

13,3)0 

2,337 

;i.7a.> 

11.187  1.80  I      24.47 


BTKEAM   KKABUBXICXVTS   IV   1801. 


SeplnnlhT 

e«t.t 

(h-t.il»T 

...      .1 

•J7T 

N.lVfllllxT 

4N7 

Dt-ITtlllMT 

.noo 

JainiHTy 

Wll. 

..■ilW 

FehniHry 

.wo 

Man-h 

.  7.V> 

April 

•  ItW 

M.iy        

._     .      ...          1 

.(150 

•Ini...     

«S.'i 

Jnly 

,1BI1 

AtimiHt  ..    . 

,  .ViO 

Septcmlwr 

.(WO 

,120 

Etn^e'inlHT 

.itM 

The  ye* 

r.. 

,       1 

.WW 

NuTK.-aage 
■  as.  on  page 

iHgb 

iW.«t« 

■IH 
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FBECIFITATION  IN  THE   BASIN  OF  JAMES  RIVEB. 

)iincipal  observations  of  rainfall  made  within  the  James  River 
ire  at  the  stations  enumerated  in  the  following  table,  whic^h 
res  their  geographic  location,  elevation  above  Hea  level,  and 
>f  record  of  observations.  The  relative  location  of  the  points 
n  in  fig.  12,  in  connection  with  the  pointM  of  river  measure- 
Bfhich  are  located  at  Buchanan,  Glasgow,  Holcomb  Rock, 
ville,  and  Mattoax. 

Location  of  rainfall  tftaiionn  in  Jnnien  i^itvr  Basin. 


on. 


Ooimty. 


ille 
Ity. 


State. 


L»Utade.  Lonifitade.  Elevation.  ^.J^'JUJUd. 


gn 


I 


I 


Virginia 

...do 

....do 

....do 

...do 

.-..do 

..  .do 

....do 

....do 


Hie 


HaaoTer 

Orange 

Bedford 

Cheeterfleld  .. 
Backingbam. . 
Ifontgomery  . 

Alleghany 

Rockingham.. 

Hanorer 

Prince  Edward do 

Spottsylvania do 

Bath do 

Rockbridge do 

Campbell do 

Dinwiddie do 

Henrico d«» 

Roanoke do 

Greene do 

AugnBta do 


97  45 


1 1 


») 


1 

1 

■ 

1 

37    5 
37  a) 

1^  45 

.    . .. 



1 

Ti  25 


TV*    tt 

77  au 

2K 


1 1 


:w  *.» 


r«  4 


hWt. 

Yuarn. 

m) 

»-10 

m\ 

5-6 

9(1) 

10-18 

:fie5 

7-« 

550 

.V^ 

t.im 

12-16 

I.W7 

4-6 

Kt) 

22 

i:u 

4  5 

:!1A 

:j-5 

^T 

7  1) 

2, 1«5 

:  10 

!M6 

25-:ii 

liHl 

2»-:^l 

11 

14-m 

IT:* 

22-24 

11  12 

1,150 

lull 

\,ms 

V.i\^ 

I 


'ollowing  t.able  gives  the  figures  of  iiornial  or  averag<»  monthly 
[iation  from  the  beginning  of  the  record  and  including  r.M)l, 
r  with  the  total  precipitation   by  months  for  th<?  yeai's   ISDfJ 

and  also  the  annual  totals.  In  obtaining  the  normal  ])recipi- 
he  average  is  taken  for  all  of  the  months  during  which  obser- 

were  made. 

Precipitation  at  Htations  in  draituujv  fntsin  ttf  Jtimm  River. 

ASHLAND,  VA. 


p. 

Jan. 

Feb. 

Mar. 

Apr. 

Mrv. 

.Tunc 

July. 

Aiijf. 

Sept. 

<)«-t. 

X.>v. 

IhM*. 

An- 

nual. 



2.W 

3.:fl 

3.41 

3.7H 

4.») 

3.  :#5 

5  :ff) 

'  3.5:i 

3. 65 

3.  70 

2.57 

2.4^-) 

42.  H6 

2.:«> 

3  56 

4.12 

2  J*) 

3  :c 

3  <;7 

6.(U 

I    1.46 

5  41) 

..VJ 

2.42 

.51 

:«J.  15 

.  .  .  _     ... 

1  52 

6.26 

4.5({ 

2.82 

3.01 

3.64 

A.va 

1  -•'' 

.HO 

6.»{ 

3.47 

2.67 

42.8JI 

1.61 

.78 

4.18 

5.(N) 

6.(15 

3.  SH 

4  42 

'  4.K2 

2.H6 

4.3:j 

l.fl3 

3.:?^ 

43.  ;m 

aK4 

4  6U 

.5.«2 

1.11 

3.  It 

2.3H 

6.76 

1  .'».ll 

4.4« 

3.fl8 

1.57 

3.42 

45  21 

3.29 

5.ue 

2.62 

3.42 

2.fi« 

5  25 

1.62 

1.21 

3.47 

'S.1Si 

2.43 

2.83 

37.45 

3.11 

.36 

3.82 

5.66 

6.46 

1.40 

6.82 

10. 13 

3.89 

■ 

1.40 

1.40 

1 

5.40 

49.85 

"■■■-I 

!.»    S.M 

■.n   nn 

4.fl 

&■ 

>.tl 

«.» 

&• 

>.« 

»r»H 

Mi 

ru  4.» 

S.U     LM 

t« 

H! 

*.m 

■.n 

WJMlMi 

[l»>.a,M 

3.10     1.KI 

■.W 

!.« 

I.W 

.m 

L« 

&■ 

uur 

1.4.     l.« 

!.«    a.!! 

T.n 

KM 

4« 

&« 

«.« 

•.« 

t«U»H 

ma __ 

&•  Mm 

H»" 

ft«l 

■.M 

&■ 

•.« 

4.1T 

x» 

W    1,K 

im 

4.a  &v 

LM    K.« 

!.« 

A.« 

■.■ 

LK 

■.» 

SL« 

■.«    .« 

an|i.t> 

*.m 

4.M 

Ltr 

ur 

i.n 

BOVAnuTA. 
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?cipitation  at  stations  in  drainage  basin  of  James  /^t'm'r— Coutinne<1. 

DALE  EKTERPBI8E.  VA. 


IT. 


I 

Jmi.  I  Feb. 


All- 


Mar.  Apr.  May.  Jane.i  July.  Auk.  Sept.  Ort.   Nov.   Dw.    ^^j 


2.68 
1.75 
1.66 
2.37 
1.87 
3.80 
2. 04 


a  19 
a40 
5.M 

.61 
5.67 
2.H7 

.28 


aas  ai7 

a70  1.19 
2.40  I  1.70 
a90  I  2.91 
4.34  1.21 
a38  ,  1.70 
8. 86     5. 78 


4.87  '  6.36     4.31 
1.99  !  5.17  ;  5.H9 


'  5.87  I  2.88  I  4.15 

;  4.94  '  4.83  '  6.24 

8.75  '  1.86  i  3.15 


2.06  ,  8.01 
5.11   14.37 


3.47 
4.H3 


3.  HB 

1.65 

.68 

2. 18 
2.44 
6.W 


3.95     2.«2     2.39     2.63 


7.85 
.4:4 
2.33 
4.40 
3,22 
3.  HI 


.16 
2.55 
7.:K) 
1 .  75 
2.45 


4.3I» 
2.40 
1.M2 
.91 
3.11 


3.2;i 
3.60 
1.(1) 
1.61 
6.:*7 


42.  r&! 
'M.TA 

m.w 

31.99 
Iff.  52 
56.29 


D08WELL,  VA. 


2.98 

2.20 

a  87 

a  15 

(2.29.1 

4.10 

1.60 

.79 

4.35 

4.26 

4.68 

4.90 

(.2.98) 

a  32 

1.50 

2.72 

.02 

1.98 

8.15  a  21 
1.90  ;  2.70 
5.28  a82 
.96  '  2.45 
2.89  2.40 
4.78     4.6K 


2.46 
2.38 
2.26 

2.28 
3.14 


a:K 

2.(J9 


4.14 
j  2.40 


2.6H  2.97     3.(12     l.UK 

.70  5.«i)     L'.5T     i.m 

5.2:j    •4.14)   2. MO  <2.t»:i    3.47      l.KJ 

2.45  '(4.14)    4.50  3.(12   (3.16)  (1.9K) 


2.01 
4.99 


.92 
9.11 


FARMVILLE.  VA. 


2.8B     4.24 

4.60 

(2.88)  (4.24) 

4.20 

.65  (4.24) 

a  00 

a55'  6.U 

9.72 

(2.38)  5.16 

2.87 

2.96     1.46 

a  10 

a  85 

1.01 
4.23 

1.82 

a  80 

6.00 


4.88 

a  65 

6.49 

2.84 
2.48 
9.97 


4.33  ,  4.77 
a  85  :  6.«8 

2.80  1  n.m 

4.61  ,  2..'iO 

8.19  a  58 

2.20  I  4.30 


3. 1« 

8.(J2 
1.K2 
l.ff) 


l.-V*     3.73   (3.02)  .l.W. 
3.H2  '  1.51    (3. IK)  (1.9KI 


:r>.46 
:«.5ii 
:ff.82 
;n'.58 

27.  .W 
41.75 


2.41 
T. 

a  01 

2.9K 
2.68 
a  40 


2.65 
i.Ki 
4.  Hi 
3.01 
1.48 
.10 


1.78  2.51 
l.fiO  1.91 
2.:£>     a  35 

1.95    i.(e 

1.82  '  4.00 
1.40  !n2.3U 


40.95 
34.8:1 
44.22 
47.16 
89.75 
'139.02 


PREDERICKSBURf*.  VA. 


2.63 
1.54 

a  82 
a  65 

a  47 
a  85 

a. 54 

1.90 

4.67 
!  4.00 

a  62 
5.41 

4.06 
5..'iO 

a:^7 

1.3S 

3.^6 
4.1« 

a  43 
.14 

3.18 
3.  (JO 

:  2.«8 

.OK 

40.66 

36. 4H 

1.70 

6.40 

a(e 

2.31 

i  4.59 

a6:j 

5.04 

3.(4 

J)i< 

5. 3') 

1.99 

a  17 

3J».M3 

3  17 

1.19  1  4.55 
6.79  ,  5.41 

4.73   aoo 
..v)   a(e 

4.28 
1.50 
aK3 
(i.34 

1  7.47 

'  5.1H 

1.17 

!  aH9 

2.(e 
a  40 

7.(I» 
2.5B 

a  10 

a:«» 

3.«1 
h.li) 

K  VA. 

4.14 
4. 15 

s.3:i 

1. 19 

5.:^6 
4.:« 

3.4H 

5.:«) 

'  4.:tH 

5.;i3 

.4«J 

3.(r7 

1.59 
3.(R» 
1.5S 

4.01 
1.K3 

a4;^ 

7.W) 

42  HK 

4.61 
a  16 
8.09 

47.  KK 

41.95 

45.* 

HOT  SPR 

2.42 

(2.42) 

aH7 
a  68 

a  31 

5.80 

.94 

4.W 
.^.63 

(.10 
3. 79 

3.«) 
4.47 

a:fl* 

4. 1(( 

3.  :v> 

6.43 

a  37 

.47 

3.11 
5. 1() 

an 

.1.., 

:i9.1>7 

41.13 

2.15 

6.96 

2.K9 

1.31 

5.73 

a  53 

a  36 

l.OK 

.63 

3.11 

3.(e 

aw 

:r>.54 

1.99 

.79 

4.10 

rz.xh 

(4.:ii>) 

(4.16) 

■•i.ll 

s.oo 

a  90 

11. HO 

i3.1I) 

i.T.i  ' 

51.  KS 

2.84 
2.31 

H.IH     5.91 

rt.m  1  2.H4 

1.5« 
1.79 

2.:u 
a  50 

a7H 

4.46 

6.72 
.'i.  35 

3.  45 

1.79 

1.91 

.V  3* 
A  Mi 

.50 
(3.11) 

l.2ii  ' 
3. 70  1 

43. 13 

41.  K5 

3.33 

.33 

a  91 

H.  36     7. 74 
LEXING 

6.  ti2 
T<  )N, 

3. 79 
VA. 

n.:i: 

4.20 

.70 

3.T) 

9.50 

1 

55. 45 

■■ 

a:r» 

a:.'7 

aw 

a<« 

3.  79 

a(?3 

a  98 

3. 73 

i.itl 

3.H5 

2AM) 

1 
3. 75 

40.  OS) 

2.J« 
1.76 

4.31 

5. 79 

4.97 
3.44 

1.11 
1..V 

1..V) 

4.6:< 

■V3l 

3. :» 

«.  10 

a95» 

5.  (Vr) 

a(tt 

5.HK 
l.0{) 

.31 
3.5(; 

3.44 

.15 
a  43 

44.53 

:?7.06 

3..')H 

MA. 
•     1    1 

a  47 

3.  :>{♦ 

5.  SI 

4.73 

4.44 

(>.  34 

a  (51 

7.«< 

3.10 

3.90 

47.  Of  J 

a  79 

ft.  41 

(>.  (K) 

1.35 

5.  IN) 

3.tJ3 

a  IS 

5.41 

4.01 

3.  OK 

..".() 

1.47 

41.41 

2.92 

4.:*K 

4.(« 

2. 73 

3.  TO 

7.49 

3. 13 

1.13 

3. 79 

3.(»i 

3.73 

3.21  1 

4O.:)0 

a  no 

..«? 

.:)! 

a  97 

5. 40 

4.r,l 

.acH) 

(a  98)  (a  73) 

(4.03)  (3.  (f). 

l.:tt 

8.13 

44.40 

"Inco] 

3)pl0t< 

i. 

■^ 

STREAM   MEASUBESIENTe    IS   1901.                           [»«»  1 

F>-eci]riM 
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N     lilt 

ais|  tM 
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S.W        T*     3.ffl     t.M 

B,«    *.W     7.17 

an   4.G0 

T.»   afli 

4.SS|    «l 
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4.»    «.»    4.»'  S.Jt 

4.or  .HSi  ,  i.ui 

a»|4.m 

aiB  'am 

aiB'   C.I 

S.W      .n    3.W    S-W 

fiSt     I.M    4.a! 

u,»  aiT 

,«  1  1.4T 

ani  ill 

P«TKH8BUB(1.  VA. 
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an  4.(» 
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4t.n 

Mi 

B,W>.1!(    !!.ffl  ,aiH 

7.18    a  4A 

a  71 

t.«8   aia 
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ain|x» 
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2.14  a«i 
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ao8     as. 
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laoi   a4c,4.an'    s> 

I8». 

4.11  '«.4H 

e.K 
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th  of  run-off,  in  indiea,  from  the  drainage  basin  of  north  (of  James)  Rivter 

at  Olasgow,  Va. 


Y«ar. 


Jan.    Feb.  I  Mar.  Apr.'liay.  June.ljaly.  Aug.  Hopt.  Oct.  Nov.  Dch*.    ^J 


0.68    3.W    8.»! 
.W      .53  :  1.26 


1.19     2.88     0.62  ;  0.51  I  0.31  O.iSt  0.2H  0.32  0.72  13.05 

2.00  12.36       .HO       .72  I  2.W  .41  2.48  1.2:{  l.:W  16.5i) 

- 2.05     3.63  a4. 44     1.08       .77       .30  '     .24       .28  .31  .24  .31  .:«  13.13 

- 1.41     2.32  ,  2.91  ,  1.29  j     .82     1.36       .48       .31  .:?7  .:^\  l.lW  1.22  U.m 

- ;  1.04       .43  i  2.44     4.20     2.77  I  3.00  |  1.18     2.49  .97  ..V*  .:W  \.H^  2!i«J 

AT«ni«e..J  1.22     2.12     2.68     1.94     1.91      1.22       .63  I  1.15  .46  .H2  M  \.m  \i\/M 


'>  Appruzimato. 

^Ift  of  run-off,  in  indies,  from  the  drainage  lnuiu  of  JamvH  Riwr  at  Biu'h<ittan, 

Va. 


Y«ar. 

Jan. 

0.48 
1.06 
l.Ki 
1.27 
1.63 

Feb. 

Mar. 

Apr. 

0.88 
1.83 
1.68 
1.44 
4.65 

May. 

1.86 
1.98 
1.99 
.66 
3.30 

June. 

o.se 

.48 
1.05 
1.17 
3.08 

July. 

0.54 
.47 
.30 
.42 

1.4-> 

Auk. 

o.:» 

I.H4 
.21) 
.23 

2.62 

Si'pt. 

o.2:j 

.49 

.:i2 

.87 
.45 

<>«-t. 

0.23 

1.98 

.21 

.M 

40 

.73 

N<»v. 

0.20 

1.08 

.24 

2.01 

.     .28 

.76 

Do*-. 

0.54 
1.20 
.:^ 
I.ft-i 
3. 77 

1.51 

An- 
nual. 

3.75     1.90 

11.49 

.55 

1.29 

14..Ti 

3.(n     4.58 
2.10  !  3.21 

15.  m 
15.:{2 

- 

.62 
2.01 

2.12 

24.  m 

Average . . . 

1.28 

2.61 

2.12 

1.96 

1.25 

.M 

1.06 

16. :« 

aih  of  run-t}ff,  in  inches,  from  the  drainrnje.   basin  of  J<ttnrs  River  at  Car- 

tersville,  Va. 


Y 


Jan. 


• 4.55  I  3.35 

► \.:i\    1.98 

1.71  1    .61 


AreragA  .     '  2.00  ,  1.97 


iiual. 


Feb.:  Mar.  Apr.   Mav.  Juno.  July.  Auk.  Si'Pt.  0*'t.    Nov.   ]>*•<•       '^"" 

l_ '_  I 

' 4.55  ,  l.«7  I  1.29  '  0.62  '  0.H2     0..>4     0.52     0.:il     0.50     0.51  18.82 


2.55     1.81       .89     1.37  I     .47  ^    .25       .Ho       .87     1.13     1.48         14.41 
1.52  14.38     3.29     3.08     1.43     3.08     l.^i       .m       .."Ml     2.{*5        2t.4: 


2.87  I  2.62     1.82  :  l.(W       .74  ,  !.«♦       A\K       .5<>  i    .74     1.86         19.23 


pth  of  run-off,  in  inches,  from   the  draimujv  fMtsin   of  Apjtoniatt(t.r  Rirrr  at 

Mattoa.v.  Va. 


Year. 


I  ,  A,, 

Jan.    Feb.  Mar.  Ajtr.   May.  .Turn-.  July.  Auk    St'pt.    Oct.    Nov.    \Mh\     ^" 


nual. 


^ 0.20    n.:>s    o.:r»    n.5i>  

I '1.52     0.47  I  0.80     3.ii4     3.22     O.M     O.s]     4.12       .87        .52       .47     2.20         10.01 

Average..      1.52.    .47       .80     3.84     3.22,      M        .'*1      4.12       .r,7       ..'i:;       .47     2.20        19.01 


IRR  7;> — <.)l'- 


BainfaO  and  ntn^in  Jame*  Rivtr  Bonn. 


e«k». 

Scnnal 

«. 

lOT.        ML 

J-. 

»i 

m 

AnliUnil 

4a.  m 

48.61 

ti.eo 

48.78 
41. K 
8T.47 
M.M 
48.  B9 
8S.4(t 
40.  Bit 
40.8(1 
88.97 
40.  W 
48. 9B 
4S.03 
44.78 
48.06 
43.79 

R6.tn 
42.10 
44.58 
4t.M 

ao.fls 

il9.B6 
84.73 

an.  48 

41.13 

44.  n^ 

46.04 

ti.SS     43.  »4 
38.78  '  m.M 

81.68  47.  «6 

41.69  .  42.40 

45.31 
41.  •'>3 
44.85 
44.20 

37.45 

4l« 

DMbonr»ai« 

42.33    IS.lt 

OhriKtijiiwbiirit 

86.74 
37.98 
38.90 
83.50 
34.88 
89.83 
3.-i.54 
37.06 
40.08 

88.00 
87.46 
SO.  88 
37.82 
44.23 
43.88 

,um 

47.08 
49.98 
36.44 
41.60 
44.00 
58.19 
40.13 

4a.<W     48.01 
84.68     87.91 

an 

Doswell _ 

KannYiUB 

FrederirkabnrK 

87.58 
47.16 
47.88 
42.13 
41.41 
53.91 

27.x 
SB.Tfi 
4I.9G 
41.85 

40.  M 
47.10 
41.71 

HotSpriijtfB 

Lexingbin _ 

LjrDchbiirg 

0.1 

44.4 

am 

en 

Richmontl 

Salem                             .      .. 

■;    ;  ;; 

41. 18    S7.(W 
SS.87  1  40.80 
46.  in  !  HI  OR 

43.30   jr:.7« 

41.33     41.01 

StanarfHTiUe 

BUamUm 

41.. W 

36.87 

89.03 

Areraae 

41.  M 

tfl.28 
11.68 

40.83 

88.9.1 

43.  .59 

16.59 
14. 3S 

43.90 

39.60    <!.>> 

North  (of  James )  at  Olaegow 

18.14 
10.77 

18. 9S 
11.49 

13.13 
15.86 
18.82 

014.08 
15.33 
14.41 

n.9 

Nff 

II « 

Aveni^mn-off 

18.48     14.46 

13.78 

15.47 

10.94 

14.60 

Ail 

Petwentage  of  rainhdl 

as.AT 

an.  48 

84.44 

86.40 

87.75 

38.87 

46.B 
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SOUTHBBN  ATXANnC  COAST  DBAINAGE. 

Btematic  measurements  of  discharge  of  many  of  the  larger  rivers 
le  Southern  Atlantic  States  have  been  made  during  the  year, 
drainage  areas  of  the  rivers  in  that  region  are  in  general  similar. 
«  of  the  streams  rise  in  the  southern  Appalachian  Mount-ains  or 
•  foothills.  In  the  upper  part  of  their  courses  they  are  rapid, 
considerable  faD.  Across  the  Piedmont  Plain  their  valleys  are 
and  their  flow  in  general  is  sluggish,  with  occasional  falls  over 
Y  beds.  Many  of  them  have  falls  that  could  be  utilized  for  water 
»r,  and  it  is  largely  to  that  end  that  data  of  the  flow  are  being 
cted.  In  the  study  of  water  power  it  is  important  to  know  the 
and  the  fall.  The  fall  can  readily  be  determined  by  an  engi- 
»  but  the  variations  in  flow  often  require  long  and  careful  study, 
ng  stations,  to  determine  the  latter,  have  been  established  on 
ly  all  of  the  larger  streams  in  the  region,  and  it  is  hoped  that  in 
lear  future  our  information  of  their  fall  will  be  extended, 
le  stations  maintained  by  the  survey  in  previous  years  were  kept 
uring  1901  on  the  following  rivers:  On  Roanoke  River  and  tribu- 
s;  on  Cape  Fear,  Yadkin,  and  Catawba  rivers;  on  Savannah 
ir  and  tributaries;  on  Oconee  River  and  tributaries,  and  on 
nlgee  River.  New  st-ations  were  established  in  Georgia  during 
on  Middle  Oconee  River  near  Athens;  on  Oconee  River  at  Bar- 
Shoals;  on  Apalachee  River  near  Buckhead;  on  Alcovy  River 
Covington;  and  on  Ocmulgee  River  near  Flovilla. 
le  results  for  the  year  1901,  where  available,  are  given  on  the 
wing  pages.  In  addition  to  these  so-called  permanent  stations, 
jr  temporary  stations  are  being  maintained  on  stn^ams  in  the 
hem  Appalachian  region,  the  results  for  which  will  be  found  in 
rater-supply  papers  on  operations  at  river  stations. 
)rms  of  considerable  magnitude  and  duration  during  May  and 
',  1901,  were  the  causes  of  high  floods  on  the  rivers  draining  from 
Appalachian  region  into  the  Atlantic  and  the  (tuIT  of  Mexico, 
damage  caused  by  the  freshets  on  some  of  the  rivors  was  very 
y,  particularly  along  the  Catawba  and  Yadkin  rivers,  and  along 
)  Creek  and  Elkliorn  Creek,  in  McDowell  County,  W.  Va. 
ough  the  precipitation  in  these  instances  was  unusually  great, 
apidity  and  the  violence  of  the  run-off  must  be  attributed  in  no 
1  measure  to  the  partial  deforestation  that  has  taken  place  at  the 
waters  of  these  streams.  The  accompanying  illustrations  will 
ish  an  idea  of  the  nature  of  the  havoc  wrought  in  some  localities. 


bTREAM   HEASUBKHEias  19 
ROANOKB  RIVBR. 


Mutuant 

>mtn*«x»d4M 

Ban«S 

JfaBtb. 

Mma 

twtiMr   'Dtftkia 

1000. 

8.W5 

i7.no 

U.I00 

18.  no 

■5.B80 

«.««) 

I4.8,V) 
«B.»IO 
'    87.  HO 
0.7S0 
80.»«l 
43.100 
8.».W 

5.360 
75.10» 

75.100 

l,tn 

I.QBS 

9.SS0 

l,B7B 
S.8R 

s,n8 

8,M4 

0.81 

e.« 

Ootofaar _., 

KoremtMr             .  . 

1.01 

IM. 

a,*  JO 

9.840 
R.-WO 
3.0(» 
8,140 
9.0B0 
a.  030 

a.oao 

3.79B 
2.785 
3.830 

8.869. 

8,04*1 
4.000 
0.<9O 
H.14H 
4,758 
S.9M 
18,185 
3,008 
3.846 
8,084 
0.B81 

1.74 

.08 
i.80 
8.  IS 
3.« 
1.S5 
8.08 
4.30 
1.30 

i.oe 

.07 

a.ta 

!■ 

m 

JVM.. 

Lfl 

iN 

September 

October 

l.tf 
1.11 

Worember 

December 

The  year 

8,840 

«,180 

8.01 

f!.» 

Estimated  timnthig  duehnrge  of  Dan  River  at  South  I 
[Dnlmigo  kTOa,  i,Tai  iiqiuue  mllaa.] 


Diaobari^o  in  seotnid-teet. 


October . . . 
November , . 
IDecember . . 


1.480 
1,848 
1,804 
3,785 
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B^imated  numtM^  dittharge  <^  Dan  River  at  South  Boaton,  Vo.— CoDtinned. 


JTannaTy,.. 

.April 

M«y 

June 


October 

XTorember  . 


Hlnlmnm.  '      Uwiii. 


rvoi  ft  'D«pthlQ 
I     wiiuuv       inrbflS. 


2.fl7J>  ! 
3,300  , 


3,  irio 

1.ti«0 

2, 1W  I 


l.tKHP  I 


3.;i87 
3.04a  '■ 
;t.  ri04  ' 

0,3H-> 

7,S»7  ' 

2, 2»2  I 

IJ;132  I 
B.srai ' 

2.902  I 


1.46 

2.m 

8.  OS 
.88 
2.58 
4.14 


LOT  I      23.84 

rea  In  Watur-Supply  Paper 


mtlily  itim-huiye  of'Roanitke  River  at  Roaitoke,  Va. 

JDruiiutgc  ar(«,  %H  nqaarc  mllm.  1 


Jaatuuy. . . 
Tebmary 


Huimnm.    Uinlmi 


April 

Ifoy 

JaDe 

Jnly 

Angiutt 

September  . 
October... 
HoTember.. 
December.. 


2«IJ 


i-n)  ims  I       ■.>..-.«  ,     :k.o;i 


fetrMSra^if  nt'lwlit 


mthtg  ttinrharge  of  Roanoke  Rir 

{hnlniiK'-Brw,  k.tit  nqturo  mtl«>-. 


Jannory . . . 
February  . 
BUreh    ... 

April 

■Ums 

Jnly 

Angnet  .._ 


October 

November , . 
Decwmber ._ 


DtachBTKB  in  aeumd-hist. 


34, 13.-> 
7,700 
ll.ii.'W 
M.IMIO 

37.  MO 
St.  OK) 
57. 800  , 
30.500  ' 
13.380  j 

8.  son 


3,430  I 
11.070  j 
4.IM0 
r),s4o  ' 
.t.ao.'i 

4.10(1 


Theyair I      8S,300  I 


.1. 130 

10.010 

4.10(1 

0.508 

3.08(1 

4,037 

4,400 

14.865 

8.430 

13.788  1 

\  yvvm 


« <  iriiirrr 


— Dlaclurge  of  Boauoke  R 
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CAPE  FEAR  RIVER. 


Hmated  monthly  dincharge  of  Deep  River  at  Cumnock,  N,  C, 
[DnAfUkge  area,  1,110  nquare  milen.] 


Difscbarffe  in  Hecond-feet. 

Run-4»ff. 

Month. 

Maximum. 

Minimum. 

Uemn. 

Second- 

feet  per   '  Depth  in 
Rquare        inchen. 
mile. 

1900. 

1 
1 

1 

«)-.- 

. . . 

274 

0.25  1        0.17 

394 

72 

138 

.12             .14 

:<.990 

110 

im 

.28             .31 

274 

80 

139 

.12             .14 

......    .... 

4,  rM 

Km 

368 

.  lis            .  87 

5, 190 

120 

878 

.79             .91 

1901. 

4,h:io 

250 

827 

.75             .86 

2,990 

262 

6.'>6 

. 59             .  61 

27,  KK) 
9, 075 

181 
95 

3,564 
1,958 

3.21           3.70 



1.76           1.96 

............          ... 

6, 820 

80 

989 

.89       i.as 

9,918 

:m 

2, 129 

1 .  92           2. 14 

... 

13.540 

322 

2. 500 

2. 25           2. 60 

I4.i:w 

10, 950 

322 
298 

4,179 
1.805 

3. 76           4. 34 



1.63           1.83 

•     _.-.---... 

1,125 

322 

4:u 

.39             .45 

*....-.              .-                                      ..- 

!m 

250 

286 

.26             .29 

16, BOO 

274 

1 ,  824 

1.64 

1.89 

3ar    ... . 

27,  KM) 

80 

1 .  763 

1 .  5J) 

21.69 

)  heights  and  diHcharKc^  meaHurtimcntH  for  IMM  are  fi^iven  in  Wator-Supply  Pa]M*r 
8;  rating  table  on  page  !)2U  of  Hamt^  ])ai>er. 


STKEAM  UKASDREHEKTS  IN  1901.  [S^ 

Ertini'ilM  wfiifhly  liuttliarge  i>/  Cnjjf  Fritr  Ritfr  nt  FnseUerille,  .V,  C. 
[Dntnacauva,  l.WU»itiiLroiiilli!«.l 

Di«lu>nce  In  aecoad-teet. 


Jannary  . . 
Felimary  . 
March..  . 
April 

^y 


Angiut 

September 
Ocfcjber  . .  -  - 
Novmnher  . 
December.. 


as.OflO  I 

Tl.BSfl  ; 
n.800 
RT.STIi 
4».-tG0 
41.850 
4.4IiO 


4,300 
9,624 

11.  WIS 


1,580 

«.073 

1.440 

18.08S 

1,SOO 

T,20« 

1,400 

2,342 

1.400 

l.&.'Jfi 

1,440 

a,  838 

1,S00 

«,088 

2.  It 

9.« 


l.«0 

s.n 


n  In  WkUr^uppI;  hi" 


fvnw  'nv'Tii   U'lniiiHii 


Fio.  IS.— Discharge  of  C>pe  Fear  Blver  at  Fayettevllle,  N.  C..  im. 


il                   m,^1      itV 

^ 

1 

M 

H^^^K^^^^^W 

pipiei 

■"  1- 

^E^"*^ " . 

■■    ' 

■'    'sj 

»»>► 

\ 

.!:  '^ 

t^;: 
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YADKIN  RIVER. 
EMtiwated  iiwmfM|r  dUeharffH  of  Yadkin  River  iit  Salitlmry,  N.  C. 

[I>imiiM(«  >nK,  S,8n  aqokre  mllCB.] 

DlidiBrSB  In  iMOiul-tWtt.  BukA. 


81,180 

2,ftS3 

6,1»R 

2,420 

87,780 

2,S8n 

81,080 

4.180 

70. WTO 

4,000 

82,320 

4.  .-40  ■ 

£0,200 

8,820 

44,IS3 

8.640 

18,120 

4.M<I 

18,420 

3,A40 

8,880 

3,100 

104,  MO 

8,280 

104.  «40 

2,420 

aqnaru       InctiMi. 


ft. 

1 

\ 

i 

1 

an  - 

! 

M 

\ 

1 

nwi  - 

1 

1 

1 

i* 

■1  wiinu  '     '           "1        ■  ■<- 

^^it 

Fio.  in.— Disi'hiu-ss  nf  Ywtkln  Rlvpr  nt  IteltHMii 
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-STREAM   MEASUREMENTS   IN    1901. 


[S. 


CATAWBA  RIVER. 
Kn1imni*il  itunithlff  tliachanje  of  datfivbti  Hirer  at  CatauiM,  N.  C, 


Mrinth. 


wm 


■   w     '-^t^^immmm   -        mm^>mm 

""—J 

DiwhAiipe  in  nenmnd-feet. 

*^ 

Maximum. 

Minimum. 

Meu. 

1 

1 

fwftjgr 
adli. 

"S 

17.240 

2,720 

8, 777  j 

3.49 

• 

4,175           2,720 

3,009 

1.99 

W.:rr5  '         2.855 

5. 130  ' 

8.S9 

....        ......... 

9,911  < 

1 

6.55 

• 

HI.  500  1         8,150 

«,280 

5.46        < 

24.540           2.H10 

5,  &W 

8.54 

0.055  1        2.275 

8,383 

2.28 

I 

40.250  ;        2,450 

10,826  i 

6.83 

0, 590           2, 405 

8,493 

2.31 

4.120 

2, 815 

.    2,601  i 

1.72 

8. 500 

2J)00 

2,811 

1.58  1 

45.H75 

2,000 

5,880  ' 

8.85 

Jatiiiar>' . 
Ffbniary  . 
March 
April  1-20. 
May  ... 
JniM» .... 
Julv      . 

AllgllHt 

St^ptemlHT 
OctolN'r  . 
Noveiiilier 
De<*eiiilK»r 


Nf»TK.  -  (*Hwt'  hfi^cIitHuiul  di.HJ'bjirK^'  in«*a»4uroment«  for  \Wl  an*  (fiveii  in  Water-Supply  1 
N<i.  iv.').  ]tii^*  L'47;  rutins;  table  on  ini^u  '.iSii  of  name  iwper. 


.     C«TAWBA   HIVER  AT    C4TAWBA. 


i-i-.]  eOVTBXBS  ATLAHTIO  coast  DRAnrAOB. 

Eslimnted  nutKthlif  diacharye  of  CatauAa  River  near  SocMtill,  S.  C. 

[Drklittffe  urea,  S,9n  iqiUTe  mUat,] 


I>t*clHrsela»ooii 

d.feet. 
Hmu. 

Run 

1.7« 
1.42 
2.43 
.-1.29 
4.79 
3.08 
2.06 

U.3e 

3.39 
1.6T 
1.88 
4.61 

off. 

UDnth. 

Mulmam. 

Hlnimiun. 

Wi" 

lUOl. 

26,500 

7,750 
57:250 

107,  aw 
m,8so 

30,000 
30,400 
64,135 
14.800 
8,!W0 
4,  MB 
98,850 

3,825 
3,865 
3,5*5 
4.625 
4,145 
4.625 
3,8a5 
3,835 
4.*» 
4. 143 
8,985 

5,245 
4.340 
T.319 

15.813 

14.303 
fl,21l 
«.  1.59 

1H,9N3 
7,130 
4.fiH0 
4,121 

13,775 

ronrv 

oh 

im 

3.67 

,». 

anlwr 

5.81 

iiimiiiiviqiMfniiiiii|i 


a.  IT    PlinhirgTt  of  C>tvrt»  K 


*4TRKAM    MEASUREMEX'l-S    tN    1901. 
BROAD  RIVER  (OP  THE  CAROLINASi, 
Eftiwuitrd  vumthlp  diaeiutryt  of  Bmad  Hirrr  (ii/lhtf  Ciiniliniui  iinir  Aldai.i^ 


L.]  SOUTHXBN    ATLANTIC   COAST   DRAIHAOE. 

SALUDA  RIVBR. 

SMimated  monthiy  diadiarge  ofSalitda  River  iit  Waierluo. . 

[Dnluaca  uok  LOGS  aqnkre  mllflB-J 


11,313  1 

1,046 

10.906  . 

650 

13,810  1 

1.114 

3.474 

T.™ 

13.038 

430 

13.878 

1,5.W 

S,738 

1.148 

'^ 

Depth  In 

1.74 

2.01 

I.IW 

3.M 

y.oe 

2.41 

;i.30 

8.  .17 

■'.-Ut 

2.77 

a.  07 

8.81 

1.41 

1.68 

4.  (lit 

6.41 

3.-10 

4.01 

1.76 
l.llt 


1,38 
3.B6 


>\  »rB  (riTen  In  Water-enpply  Paper 


1 

„  1 

1 II . 

" 

mww  "HP 

Fra.  a.—D^Bcbt^gB  of  Sklnda  Blver  at  Waterlao,  &.  C,  URL 


JMMOtei' 


9TKKAX    MKASUKEHENTH 

SAVANNAH  RIVER. 


ti^^ 

** 

Nm*. 





- 

^ 

■s 

'810 

ma 

1,0IS 
BI7 
OB 

i,«e 

I.KS 
Ul 
MS 

1.0M 

a.10 

7.« 

m 

7.11 

KteMtT 

■.<■ 

m 

«8T 

m 

M 

m 

1 

Warrta 

1 

if«r 

Jtiir 
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The  yew 

•.<» 

8M 

Ml 
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Note.— Okge  helglita  and  dlscbarKe  uHam 
No.  (K.  page  ffil;  nOag  table  on  pKRa  aU  of  h 
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joted  monthly  discharge  of  Tugaloo  River  near  Madimm,  S.  C, 
[Drainage  area,  MB  sqiiare  miles.] 


kfonth. 


1901. 


ar 


Diacharge  in  seeond-feet. 


Mazimnni.    Minimnm. 


H,780 

4,880 

15,540 

16,460 

12, 540 

6,140 

2, 800 

18,660 

6,620 

2.060 

1.225 

14,860 

16,460 


I 

1,180  ' 
1,180  I 

l,i:i5 

2.060 

1.475 

1.475  ' 

1,180 

1,045 

l.H(M) 

1,225 

960 
960 


Mcau. 


2.158 
1.719 
2,444 
8,804  I 
2, 982 
2. 549 
1 .  570 
4,876 
8. 047 
1 .  542 
1.091 
2,577 
2,525 


Rnn-off. 


Second- 
feet  per 
wiuare 
mile. 


8.68 
2.90  ' 
4.12 
6. 42 
4. 95 
4.80 
2. 65 
H.22 
5.  14 
2.60 
1.84  ^ 

4.a5 

4. 26  : 


Depth  in 
inchee. 


4.19 
8.02 
4. 75 
7.16 
5.71 
4.80 
8.06 
9.48 
5. 74 
8.00 
2. 05 
5.01 

57. 97 


heights  and  discharge  measurements  fur  1901  are  given  in  Water-Supply  Paper 
;  rating  table  on  page  880  of  same  pai>er. 

monthly  discharge  of  Saixinnah  River  near  Calhoun  Falls,  S.  C. 
LDrainage  area,  2J\2  ^quare  miles.] 


tfonth. 


1901. 


ar 


Disc-hi 

ir^e  in  stH^on 

d-fLH«t. 

Run-off. 

Maximum. 

1 

Minimum. 

1 

Mean.      i 

1 
1 

fte<*»>iMl- 

fet't  iMT 

Hcinum 

mile. 

Depth  in 
inoheH. 

1 

16,950 

4,885 

7,118 

2.  62 

8. 02 

19,560 

8, 150 

5,  SIT 

2.14 

2. 28 

62, 625 

2, 690 

9.040 

8. 88 

8.84 

40.875 

7.880 

]8.(K)6 

4.  HO 

5. 85 

85, 220 

8,  JKK) 

H,S05 

8.  28 

8.7H 

47,4(K) 

5,640  i 

11.198 

4.  18 

4.61 

S.25() 

2,910 

4,8(M) 

1.77 

2. 04 

'       4H,705 

2.910 

15.82H 

5.  65 

6.51 

•       (i5. 070 

8,500  . 

10.  (Mm  ; 

8.71 

4.14 

5, 640 

2. 280 

8,57H 

1 .  82 

1.52 

2,280 

1,JJ60 

1,911 

.70 

.78 

68,715  , 

1,870 

10,411 

8.84 

4.48 

68,715 

1 

1,660 

8,480 

8.10 

42.25 

heights  and  dim>har^e  measurements  for  IWl  are  g\^«ii  \ii'^aX«t-%a\(\^'^%^et 
;  rmtiDg  table  on  iMffo  'HSt)  of  same  pajier. 


8TBEAM    MEA81IREMKNT8    IN    1901.  (Ito.1 

\miitr'd  mnnthiy  discharge  uf  Sawmnah  fiitt^  «f  Aiigiuita,  Oa. 


CeM  per     Oepaii 


Febmary 
Uarch  -.- 

April 

M»y_- 

June 

July 

Angiut  ..- 


October  . .  _ . 
November . . 
December.. 


75,060 
He,  400 

111,920  i 
77.800  , 
7B,780  I 
16,480  j 
»8,560  , 

lll.&au  I 
14.SO0  ' 


107. S90  I 


7.680 
7.440 

e.soo 

10.460 


7.130  I 
7,190  I 


14.096 
I«.»66 
ia.l38 
36. HAS 
1.1.344 
UI,HT4 

3«.956 
30.368 
0.172 
7.547 
18.SS3 


TheywkT- 


1.36 


1U,9S0  I        9,600  I      16,447  S.S6  |     10^0 

— _L^- 

NOTK.    Oftge  helnhla  und  iliBtluugH  unanurPtduntB  for  IWH  are  given  in  'Wiiler-Sapply  Pnfr 
i;».  Iti,  pai{»£M:  rntlni^  tahlf  <>□  paKP  39 1  ur  same  paiwr 


8e....ft. 

-anT 

FtO 

*R, 

APR. 

MAY    1  JUNt 

jUlT- 

*lja.-I  s 

t 

T 

SET 

■nBT 

- 

ro.ooi 

! 

i 

! 

4ii,ni«j 

1 

■ 

- 

A 

1 

, 

1 

1            1 

1 

1 

1 

1 

i 

■■l 

1 

Fio.  10.— DiscbaTBe  of  Saruuwh  RlTar  at  Angoate,  G«.,  UO. 
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monthijf  discharffe  of  Broad  River  {of  Oeorgia)  near  Carlton^  Oa. 
[Drainage  area,  7SB  square  miles.] 


DiflcbATgre  in  aeoond>feet. 


Run-off. 


Month. 


1901. 


Mazimmu. 


Minimum.  I      Mean. 


Second - 

feet  per 

square 

mile. 


Depth  in 
inches. 


)ar 


11,575  1 
6,715 
'15,288 

12, 182 
6,715 

11,170 
4,550 
9, 550 

16,080 
2,750  1 
1,010  ! 

22,915 


940 

1,010 
870 

1,080 
870  I 

1,010  ; 
800  I 
730  ' 

1,010 
870 
870 
870 


2,098 
1,697 
2,266 
2, 421 
1,673 
2,a54 
1,270 
3,196 
2,158 
1,(W3 
898 
2,769 


22, 915 


730 


1,989 


2.75 

8.17 

2.28 

2.82 

2.97 

8.42 

3.18 

3.56 

2.20 

2.54 

8.09 

8.44 

1.67 

1.98 

4.19 

4.88 

2.82 

3.14 

1.42 

1.64 

1.18 

1.82 

3.68 

4.18 

2.61 


85.48 


t  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
i;  rating  table  on  page  381  of  same  paper. 

ALTAMAHA   RIVER. 

ted  monthly  dihcharge  of  Middle  Oconee  River  near  Athetut^  Ga. 

[Drainage  area.  HUT)  aquaro  milen.] 


Diw.^harge  in  Hocond-fift^t . 


Run-off. 


Month. 


1901. 


Maximum.    Minimum. 


Mean. 


ScH'ond- 

teetper 

Hquare 

mile. 


572 
12,  WO 


430 
464 


4m 

1.373 


1.23 
3.48 


Doptb  in 
inches. 


1.87 
4.01 


>  heights  and  discharge  measun^meiitft  for  IWU  are  given  in  Water-Supply  Pn.per 
T;  rating  table  on  page  321  of  uame  paper. 

75-4)2 5 


STBKAM    MEASUBEJtKNTS    IN    1»01. 
.onthlil  iliiirluirgr  i./  tJwwiw  Riivr  -it  liiinirfl  Sh. 


eptember 

ovotiilmr 


I 


KnliMatnl  iititnlhlii  digphargp  of  Apaiachr€  River  ura 

\  DninB|n>  Hnw,  U()  sqiuiv  mlliw.  J 


Ji*r 


October . . 
November. . 
December  .. 


2,ST!  ' 
8.660  ' 


I-  Uuekhtaii,  (ia. 


feet  per  iDbiii1i|« 

I     ■qn»IB     I   iMB* 


3,697 
8,247 


i.sa ' 

3.IH 


I  Id  Water-Snppljft*' 
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oLcMt    Mountain 
oMarletia 


o  Ooinesville 


oLlth&o. 


o  Auburn 
oATluAOTA    o  liawroncevUle 


AUiens 


^Almoi 

X/ovington 


Tnini  Feter^ 


lett  Shoals 


irio  villa 
MonUcello 


I  Buckhei 


ICarey     q 
Union  Point 


ynolds 


'Macon 


.( 


>Mar8haUvllle 


oAllenlown 


o  Harrison 


v/^        \  .  q^lawklnsville 

Aublin 

[ta 

A 

/ 

1  < 

/ 

•dele             ^\ 

7      1 

r 

o 
Stillmore 

^  ^r 

(  oS 

J       \1daha 
2#Mt.VerBon 

Mac  Arthur  o 

r 

oniagercJd  V^ 

^..^^^ 

1 

L 

Sc«le 

^"N^^ 

r\^—r« 

"Vw 

0                       10 

1   ** 

30    milts 

^^ 

IRiver  stations 

ORainfdII  stations 

fOcatioB  of  river  »nd  rainftill  stationB  in  bMlDA  ot  Oooum  vdAl  OwaxiSkV^^'tV^^st^ 


j^^^^^^^^ratAM  MEASUKEMENTS  IN   IflOl.                     '?i 
Kslimattil  wmillilu  ducluirf/r  0/  »a,nee  River  near  Dublin.  Oa. 

RmHiC: 

Sfouth. 

— 

Usui. 

feet  per 

- 

3 

1901. 

aauary -  - _  _ 

f-ebniary _     

larch 

lB,70fl 
17,878 
18,870 
20,034 
9.094 
IS,  85a 
7,870 
11.603 
21.876 
S,674 
2.748 
8,«64 

5,10s 
4.670 
3.490 
4,287 
2.T43 
4,199 
3.559 

a.oeo 

3,125 
S.173 
3.3S3 
3.899 

9,396 
9,315 
e.494 
13, 3« 
4. 250 

4.2.'iS 
S.999 

3.040 
2,360 
4,435 

S.SS 
2.38 
I.H 

3.SS 
1. 08 
l.OS 
I.OB 
1.48 
1,92 
.73 
.56 

i.oe 

kpril 

Jar -  

nwi- -  .  .. 

aly.-     - 

Lngnrt 

leptember 

tetober.                             

lovember 

T)ie  year 

SA,634 

a.oeo 

6,800 

1..SS 

'e  ctTenln  WUar^apfijt 


'.■i.-.-Ct. 

FEB  1     MAR.  1    *PB   1     MAV    1  JUNE    |  JUW   1    AUO.  [    SEPT,  1    OCT     1    NOV.  I  0 

1 

ft 

1        . 

Ij 

jl      J        T          1 

1 

jr  1 1     1 

„u 

It   llttll     Jt 

"1 

il  till  M  1 

.m 

^    i    WT  If  mil 

Fl 

a.ai 

-DiKhirgB  ol  Oconee  River  near  Dublin,  G...  WOl. 
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Estimated  monthly  dUduirge  of  Alcovy  Riwr  wcfir  Cuvimjton,  ffa. 

[Dmliuige  area,  3S8K  aqnare  tnil«»H.] 


Month. 


DiacharKe  in  He«*()nd-fe«ft. 


Runoff. 


I  Maximum. 


Minimum. 


M(«n 


1901. 


fcy 

Jtine 

Jtily 

AllgUBt  ... 

September 
^>ctober... 
November 
^^•OBmber 


.1 


598 
821 
840 

1,080 
93.5 
555 
278 

1,144 


162 
198 
148 
111 
152 
152 
162 
162 


in. 

Hi|iian* 

I>«*pth  in 
infh«*M. 

371 

1.19 

1.87 

442 

1.94 

2.16 

877 

1.65 

1.90 

582 

2.55 

2.94 

861 

1.58 

1.76 

228 

1.00 

1.15 

18:^ 

.80 

.89 

nm 

1.72 

1 

1.98 

•     IfOTE.— Gajce  heights  and  diMcharK^  moo-supemcnts  for  IWH  aro  i^iv(*n  in  Wiit^T-Supply  Pai>er 
^o.  ff,  page  dSO:  rating  table  on  page  %1  of  Hamt^  paper. 

Estimated  monthly  discharyr  of  Yellow  Rirrr  at  Ahnoti,  Gn, 

[Drainage  area,  :fn)  Hquart»  mileH.  ] 


Month. 


1901. 


January. .. 
February 
Marcb  .     . 

Ai>ril  

May 

Jnne    . . . 
July.: 
Angnst  .. 
September 
October  . . . 
November . 
December 


The  year 


Dincliarge 

in  aot'ond-feet. 

Run 

1 

-off. 

Maximum. :  Minimum. 

Mi>an. 

StH'ond- 

f«M't  xx'r 

miuaro 

mile. 

Depth  in 
inches. 

! 

3,070  ' 

511 

1)34 

3.40 

3.H4 

5, 0-30 

455 

1 

,070 

3.S4 

3.1)0 

3, 070 

301 

710 

1.S7 

2.16 

4,591 

4H2 

1 

001 

3.  '22 

2. 59 

3,01)5 

330 

551 

1 .  45 

1.07 

1,1MM) 

4(H) 

741   , 

1 .  IMi 

2.19 

3,070  , 

350 

AHH 

1 .  31) 

1.49 

3.070 

335 

\)HH 

3.01 

3. 01 

3,070 

301 

(W)5 

1.73 

1.93 

1)35  ' 

300 

31)7 

1.05 

1.21 

4(Mi  ' 

350 

330 

.84 

.94 

0,1)70 

1 

3S3 
335 

HMO 
1)47 

3. 32 
1.1)7 

2.<W 

0,1)70  ■ 

25. 07 

KOTE.— Gage  height})  and  diHcluiricn  nii>asuriMiu*nts  for  lUll  an*  KlVl^M  in  WatorSupplsr  PaiM^r 
No  6&,  page  ^^\  rating  tnblo  on  inik"  'i^l  <>f  ^ame  iMiMr. 
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MSAflUBOISnfB  IK  IML  M 


1 


1901. 

Avgiwt 

BsptraibOT  ...  — 

October 

R(yiNniiber 


ftetpar   Dqtt 


7.«7| 

885 

8,818 

1.94 

L 

8,451  : 

1,087 

8,818 

1.48 

L 

S,887  1 

807 

1,888 

.88 

• 

1,188 

807 

1,588 

1.06 

L 

11,850 

807 

8.581 

1.69 

L 

Vo.  6Bi.  i»g« ; 


hdglitiMd 


for  Ml 


III  WfttBr4qiplj  h| 


JSMiiuitol  wwnthlff  di$ekttrge  of  Towaliga  River  ntar 

] 


\QfL 


DiHiMurgelii 


MooUi. 


IfaTiiniiin.  ■  Miirfmom. 


feet  per  |Dtpl 
■iau«    '  liicl 
mile. 


19()1. 


January  . 

Fehrnary 

March  . 

April 

May  -. 

Jnne. 

July. 

Aognst 

September 

October. 

November 

December  . 


The  year 


1,178 
1.461 
1,965 
2, 879 
1,245 

885  . 

1,588  . 

1,898  ' 

1,345 

417 

809 

i,a57 

I 
2. 879 


327 
845 
809 
363 

255  ! 


287  ' 
144  I 
154  I 
154 
165  ' 
154  > 
190  ; 

144 


603 
576 
590 
707 
380 
440 
887 
581 
360 
209 
185 
475 

444 


1.72 
1.65 
1.49 
2.02 
1.09  1 

I 

1.96 
.96 

1.52  I 

1.03  : 
.60 
.58 

1.36 


1.27 


NoTK.  -(4afre  hoigrbtM  and  dischar^  muaHuremeDtii  for  IMU  are 
No.  6r»,  pafc**  :M4:  ratin»c  table  on  paRo  821  of  Mune  iiaper. 


giren  in  Water-Sopply 


ATLANTIC   COAST    DRAHTAGK. 

EitimatedmoHfhlf  ducharge  tif  Oemulgee  River  at  Maeon,  Oa. 
1,  £.««  wjuuv  mJlHL] 


DiwhariTH  in  i«<onil-f« 


Huimum.    Hluimiim 


'  feet  par   I  Depth  to 

I    squaro    |  Inrbe*. 


«»™t 

'      13. 

»bnuwi- 

.  .      ■;!. 

«ioh 

22. 

p«a 

U. 

•y 

IS. 

n» -  . .  .  . 

6. 

It 

I». 

"unit 

IB. 

Ptemher 

29, 

tobw 

». 

»*eml»r.            

1. 

t^ber 

.   .         30. 

The  year 

34. 

4.eiw 
.1.  iw 
4..W« 

6.M« 

3.  a28 
3.K1  i 
4.680 
.1.913 

i.4ia 

1,104 
4.S24 


2.70 
1.10 


»»n''f 


■"^WMH'f 


Pia.  fS.— Dlsclmrse  o(  Ocmnlgm  River  Bt  Huwn,  Gs„  1801. 
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STREAM 


IK  1901. 


[10.:* 


PRECIPITATION   IN    THE    BASINS  OF  1HX)NEE   AND   OCMUIXJEE  RIVEEi 

The  priiH'ii>al  observatioim  of  rainfall  made  within  the  Oconee  and 
()cniul|ce4^  river  iMisins,  eonniclered  here  in  conjunction,  the  two  rivers 
lMMnf(  the  principal  trihutaricH  of  the  Altamaha,  are  at  the  8tatioD8 
enunierat4Kl  in  the  following  table,  which  alHO  gives  their  gtH)^phie 
lm*ation,  elevation  alK)ve  nea  level,  and  length  of  reconl  of  observatioiu. 
Tlie  n^lative  l<K*ation  of  them'  i>ointA  iH  shown  in  fig.  21,  in  connectioo 
with  the  [H)ints  of  river  measurements  which  are  located  at  Athens 
Almon,  C*ovington,  Flovilla,  Juliette,  Macon,  I^mett  Shoals,  Bock- 
hea<l,  Can^v,  and  Dublin. 

IjiHHttiou  of  rainfall  tttations  in  Oconee  and  Ormulgee  Ixitin*. 


SUtion. 


AtlantJi  .  ... 
Ath«*iiM  .... 
Allen  to  wii. 
Coviniftoii. 
GI11hv111«.  .   .. 
Oain<*Hvillc . . 

Ma(m  m 

M*rHhallvill*> 


(.Vmnty 


StaU..         Latitude,.       '^jf      Elevation.  ^^^ 


Fulton  . . . . 
Clarke .   . 
Wilkinnun 
Newton 

Hall 

clt>.. 

Bllib  .  . 
Macon  . . .. 


Ueor^... 

do 

..  .do 

do 

do 

d(» 

do 

.di»    


83  45 
8»5H 


K3  2R 


Fett. 
l.lfiO 

«6U 


Ytwt, 


38  87  , 
84  13  I 
34  16 


Si  49 
H3  47 

88 :« 


74K 
l.<fi2 

38( 


Point  Pet«T '  OKlethori)e di» 


xi5; 


(ttfitt 


i.(n) 


fl-H 

Ml 

IMS 


T1h»  following  table  giv<»s  the  ligures  of  normal  or  average  monthly 
pn»<*lpitation  from  th<»  b4»ginning  of  the  reconl  and  including  VM^ 
top'thrr  with  tin*  total  precipitation  by  months  for  the  years  li»J'*Jj 
isi»7,  IS'js,  iS'.Mj,  ijKK),  and  1JM)1,  and  also  the  annual  totals.  In  obtain- 
ing tiir  iHu-nial  precipitation  the  average  is  taken  for  all  of  the  months 
during  whieli  o])servations  were  ina<le. 

/V/'r//>//ff//o//  ///  stntiniis  in  (inn'ninjr  htsins  af  (humee.  and  (^)rmulgee  rivtr*. 

ATLANTA. 


Y«'ur. 

.TuT). 

Mur. 

:»  47 

Apr. 
4.  14 

May. 
:i.  57 

Juno. 
4.«« 

July. 
4.ri7 

Auk. 
4.49 

Sept. 
3.«) 

Oct. 

1 
iNov. 

Dec.' 

An- 
ntul 

N<»riiiul 

1  a.tt 

4.73  1 

51.^4 

I>ft«5.. 

•A.  \-2 

:{.m 

:{  -Ji* 

..> 

l.«.»5 

2.  J«5 

7. 55 

l.ilT 

l.:« 

1.28     5.90 

1.4S 

aii 

IWIT. 

A  is 

4..V.» 

:).74 

ri.inj 

.:u 

2.()7 

4.74 

«5.0l 

.14 

l.HO     2.» 

aoo 

38.i8 

iKifr* 

2.  *.!•» 

.•12 

4.J«» 

-..  i:, 

1 .  :i5 

.«» 

10.22 

(i.6A 

n.3a 

5.QB ;  a» 

am 

ai.ofi 

\mi. 

a.  m 

r,.  iw 

:>.  :w 

1.71 

1.21 

1.4<i 

«.4:i 

a.  15 

2.«' 

3.71  ,  2.65 

4.15 

42. 4i 

1«MM) 

.  2.  :ci 

♦.».  .v< 

5.  r.'.» 

«.2T 

2.W 

8.WJ 

4.51 

1.7tt 

3.tt2 

2.79  '  3.68 

8.74 

'^.0 

U<(»1.. 

:^.  U') 

t.(^t 

:..7i 

,V27 

7.55 

:mo 

5. 117 

ft.  88 

a.  7« 

.5U       .99 

7.81 

1 

3H.T7 

.  :>.:.s 

:.  :*> 

:..  M 

a.  irj 

ATHENS 

Normal  . 

'.\.  7S 

4.S'.» 

4.S7 

5.  U 

a.ti7 

2.(W     2.99 

a.9K 

.1^.* 

ISW 

. .  i.'j.r.si 

tr,.:!i). 

■  :>.:«' 

1  a.  «,t;  1 

1.7S 

:i.«.w 

10.  ai 

l.(X) 

.m 

1.K2  1*2.99/ 

•  a  i><; 

4*>.>1 

\m7 

1  .'>.  7m  ) 

(-..:«». 

< :».  H4 ' 

.:<.«.«• 

.»JI 

2.K5 

a.  1ft 

4.17 

.64 

a.  12  1  1.10 

2.s:{ 

>.n'» 

IWH 

.    )>..  \t\ 

.rrf) 

.{.  'm 

5. 5s 

1 

2.  4H 

i.rwj 

5. 4a 

1 

({.:)i( 

7. 40     a.  N.5 

a.  Ml 

41'.  :n 

18<R» 

T.L'l 

«.r>«5 

t..Ht< 

I    l«H    , 

.s:{ 

1 .  iV> 

2.50 

a.w 

1.45  1 

'xm    i.;i5 

2.7« 

4<>«'I 

;«#; 

.     :.Mn 

s.  45 

r>.ryV 

1 .  lu 

,  '>.\xl 

\\.-.*.\ 

K.\% 

1.27 

a.Kft 

4.W) 

a.  74 

5.r,s 

«t».:2 

mn 

4   14 

;^:>7 

.,  4.'H 

TvoM 

W.-vX 

\\.;A 

Vi  >; 

•^.w 

\.v«^ 

V     .TV 
\ 

TN.^^i 

»;i  4;« 

rmusJ] 


BOUTHBBN  ATLAimO  0OA8T  DRAIHAOS. 


67 


Mountain 
oMorteiia 


o  OoinesviUe 


oLitliAfr 


o  Auburn 


^Covln^ton        ^    Bnjenett  Shoals 


Carey     © 
Union  Point 


D  Cordcle 


o  Reynolds 


o  NiarshaUville 


o  Hameon 


Stxllmofre 


oFlta^crcdd 


'River  stations 


ORainfdII  «)totiOn5 


rio.  IL— Location  of  river  and  rainfall  Htations  in  basins  of  Ooonee  and  Otmolgee  riven 


1" 

^^  -BTBK  AV  "  kl^^BB^^W    1  iKH .                       I>"  s 

, 

/Vrd7«7.i 

1(111  III  »tutiim»  III  ilrainnge  (wmnn  »/  (Monir  >i»i{  (fci.iufi;.'  >■'""- 
Cotitina»l. 

MABSHALLTILM. 

Yav. 

|j„.|f«.^. 

Aiir.  May.iJniie 

J<ity.[An§r.|Bept.Ort. 

Nov.  Dw.'i  j';;^ 

Kornwl... 

..'4.a(i«w.s.i7i 

4.K   s.m   a.n 

s.ia'B.i»   E.(fi  ioe 

(.»  t»  »• 

Mfi|s.W|  t.lS 

8.»B'ain    !i,i>4 

IS.5II  '  iM     1,17     B.  IK 

8.TB     l.Ti       »» 

\m. 

i.<B  1  8.W  lin.nt 

t.ST       .M    F>.tl7 

S.3)    4  10     l.m     l.OE 

.70  tm     «l 

IMB.... 

i.Mi  i.iit   t.m 

O.IS     LIB  '  H.T« 

B.«  1  ».»    l.M    7.ia 

0.711    4.1J      W 

ii.W    a.N)    101 

4.B«.1.4«      .M 

e.Hi'a.u     .73   R.» 

1.M    3.81      8« 

IBMl- 

i.s\  10. ;£    «.» 

4.IR     1.10    4.3S 

4.74    3.30      .44     tNt 

4.S>    >.«      114 

um. 

4.W    ».«     8,ni.S.».  1.41     B.BT 

S.ffl  1  a,W    9.W  j  «.M 

1.1K     S.ffi      !!.■ 

FfSnrrpcTSB. 

Sonnml., 

1..,. 

».ia 

*.»  I»«|«,w 

(.ffi's.u   E.m  a,iH   SBT   s-uis-t:     Kt 

liWI 

K.M 

4.«1 

)I.K  .  l.«1  i  «.« 

t.4Al8-iH    l.in    ).»'£.»    a-w^ii'    as 

Vf! 

4.  in 

S.W  ■  H.51  '    .Wl 

B-m     4.»I     rl,T4  ,*(»     i!,Sl  ,  ».(l)    Si«      <H 

iwe. 

,71) 

(.»!fi.W|    .17 

l.m    U-tl      H.T4     l,W.M.TBl«.W     »«       »■ 

im».. 

T.ff 

H.ia 

(1.00  1  i.w     .m 

s.oa  1  e.M   4.e7    i.i4   4.tt   x.«i  x.i4,   &■ 

im 

H.M 

4.IH  «.«  aw 

»,n|e.i»]  .7S|4.T4  «.«>l3.ai  ftn,  in 

iwn 

4.« 

... 

G.UU.U    fl.fll 

t.ig 

'"I-""''*!  •"!  ^"I"!  " 

i).ptt«rn 

n-qf ,  111  ineh«>.  Ao>»  'Ae  dnrinofft  btunn  af  Y^lov  Ritxr  al  Al^om. 

y-r. 

Jml    Fob.  lUr.iApr.  K»y.ij™B.'jiily.'An«.!flopt.|0<.t,   Nc..-,'D«-'  ^ 

tsn. 

...  i.a.L.]n  tat   4.«  !  i.w  !  4.«e 

1,73     I.W  '1.4t  ,1.18     I.IS    i.lt      B.i 

UOL 

...'  E.H  .  i.w  1  lie  ^  s.w    l.or  1  i.iB 

1.4B   a.fli ,  l.m   i.a  ,■   .m  iw     »« 

ATer»gB 

...jS.07 

s-sa 

-l"l 

■™l"" 

i.«  2.o.^,.«; 

.IT     1-fB    iB      « 

Dfpifto/r« 

n-off.  in 

*«.  from  the  drainage  botin  o/  Middle  Oeonee  Rirrf  "I 

i 

rH 

...|>^ 

heod.                                                            1 

Y«r.                               Uiir. 

Apr 

Har-tlane. 

Jtdr 

AW. 

Sept.  Oct 

Hot,  I*«. 

N.« 

S.M 

1.46 ;«.« 

l.U 

B.flB 

i.n   D.tn 

i-off.  IN  iMf  ftys.  /r 

BfpfA  o/r,, 

■(>»<  (/if  drainage,  basin  of  Obobw  iWwr 

ShonU. 

UB«r^ 

TMr. 

Anc. 

Bept 

Oct. 

Sot 
I.IIT 

: 

""- 

r» 

i.«r 
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•nff,  in  ittehft,  frmn  the  dntinage  batin  of  Aleovy  River  at  Covington. 

Ttmr.  !  Hair.  June.  Jnlr.  Aug.  Sept.  Ort.  JNov.   Dfw. 


IB  I  l.W 


1''™i '-"!"■ 


!j«n. 

Pel...IJ»r 

Apr.  M.r 

June.  July. 

AiiK.,»«pt.  Oi^t. 'n..t. 

Div 

Ao- 

]  n-  1  K  Ht '  -  IB    1  )«> 

'  K.W 

.M-    ,«'    -Tg        W 

17.  oe 

i.»  1  ».ra 

e.63     1.31 

!.H  1  1.™ 

.H3      .U      .81  1      Ml 

1  Al 

ia87 

-  i.Ki 

£.32     t.» 

3.«.     1.18 

1,85,  i.Ul    .84  1     .fS 

l.te 

a).i» 

e...;B.18 

^m  1  *-i5 

l.Holi.ne 

1,11     1,08  !  l.OBI      uo 

l.t£ 

!..«> 

in-off.  III  inrficji.  /r'>m  /Ac  ilrtiiniige  fmniii «/  (ii-muigep  River  at  Ftimilla. 


Aug.  Sept,  Oit.  ! Not.    Dw;. 
.!  t.St  I  l.l»     II.M     l.It)  I    l.K 


■aff,iii  iitchfH.frtim  the.  itnnnnge  banin  iif  TinniUga  Riivr  nt  Juliette. 


17.  ai 


.  Jan.  I  Feb.  Mar. '  Apr.  May.  Jnne.  Jnly.  Aor.  '  l^'eptj  Ot.  j  N 
...I  I.BH  J,ra  '  l,7i(    S,m"i,«]i.«1     l,ll|l.7S     l,is[o,l»|0 

i-ii^.  Ill  ineheK.  from  the  ilniiungr  Inimn  of  Oeniulffee  Rirvr  at  Matnn. 

;jAi),iFeli,   Mar.  Apr.  Hay.  June  Jaly,  AuK,  Sept.|  IX;t.  Huv.  Dw.    J^ 


.IS      .tt 
.73  I  4.  in     3. 


4.^     S..11  j  li.Hl     l).7»     imi 
.no    i.ai      -M      ,:«      .TK 


s,7a 


14,  IH 
15.44 


18    n.Ul  '  1, 


1,40    t,«l    K,3>     £.«>,    ,W  ;  1,411     I  111     ],»S     1, 

-iij'.  Ill  inehei,  fnini  the  ilriiiniiy  iHixiii  iif 

Jan.    Fft).   Mar,  Aiir.  Mny.  .Ian,:  July,  Aun.  S.' 


40 

.IM 

M 

.7^        1(1.76 

IH 

.W 

1  (H 

I.M        £3.fll 

Ml 

-K 

„^1 

S-0&        B1-(I7 

=* 

i.m 

,>«i 

l,»|      17.91 

fV 

..ee 

Ri^ 

r  lit  Carey. 
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Jtam/iH-mrfr 

»«-#. 

1  ftran. 

r  fuul  Oemtii^ee  IhuUh* 

I 

StBtiaii. 

"H- 

un. 

UM.      uaa.      itoD.  '  m.  1 

RAUCFAU- 

1 

Atlanla 

SI. 34    H.n     39.9S 

50..'>6     42.42  ■  .W.«I 

SS.7: 

AtheiiH 

.■53.26  :  48.H1      88.Wi 

40.  SI   1  40.61 

63.72 

sin 

AUentowi. 

49.  T4  '  4a.  28     4.1.  ai 

50.74  '  44.  (» 

61.23 

^IH 

Covington 

30.10  ;  4a.n5  1  41.58 

62.54     45.61 

67.31 

MJSI 

Qillsville 

49.70    as.iw    W).O0 

53.58  '  44.10 

.W.11 

(U.Il 

G«nesvii:o            

fla.lO  1  SI.M     50.54 

m.m    48.01    .M.48 

8H.7H 

Macon  .                 .     _            . 

47.38     4J5.93     48.96 

.■S4.33  j  3T.11P     4«.7« 

ti.oa 

Marshallavillp 

60.03  '  5H.23     46.25 

.^.87  1  43.ft4  1  .11.00 

sT.rt 

Point  Petet 

50.61     43.3J; 

40.04 

5.1.35  j  43.28     61.75  |  SS.U  1 

Avemge     __. 

SI. 03     44.94 

45.80 

54.81     4S.13     5B.4T  |  se.ll  1 

RUN-OFr. 

1 

».S7 
19.05 

Dublin            

17.02 

18.^7 

»« 

Juliett*          -- 

17.80 
17. 9t 

1 

1T«| 

Macon                

.„„„ 

14.  M 

1S.M 

1S.W  1  88.80 

...J 

Carey                 

12.  SI 

14.10 

-- V       1 

Averante  nin-adE 

18.  SI 

14.07 

15.44 

16.80 

38.10      31. » 

Petcepntage  of  rainfall    

ae.46 

81.0a  '  ES.48     9S.01 

88.66     M.S1 

EA8TKRN  GULF  DRAINAGE. 

The  rivprs  flowing  into  the  eastern  portiou  of  th*.'  Oiilf  of  Mexico  | 
«re  for  the  most  piirt.  of  a  oharacter  similar  to  those  in  the  Soiitheni 
Atlantic  druina^e,  though  in  their  tower  courses  their  flow  ia  ii-iuaIIj 
more  sluggish.     Regular  gaging  stations  have  been  maintaiued  ilnr-   , 
ing  the  year  1901  as  follow.s:  On  Flint  River  at  Woodburj',  Ga.,  and   , 
Albany,  Ga. ;  on  Chattahoochee  River  near  Oainesville,   Ga.,  n«ir 
Boford,  Ga.,  at  Oakdale,  Ga.,  ami  at  West  Poiut,  Ga, ;  on  Etowah 
River  at  Canton,  Ga. ;  Cooaawattee  River  at  Carters,  Ga, ;  on  Oosla-   ] 
naula  River  at  Kesaca,  Ga. :  on  Coosa  River  at  Rome,  Ga.,  near  Biv-   i 
erside,  Ala.,  antl  at  Locks  Nos.  -t  and  5,  Alabama;   on  Talladega   I 
Creek  at  Nottingham,  Ala. ;  on  lUllabee  Creek  near  Alexander  City, 
Ala. ;  on  Big  Sandy  Creek  near  Dadeville,  Ala. ;  on  Tallapoosa  River 
near  Sturdevant,  Ala.,  near  Susanna,  Ala.,  and  near  Mitstea^^l,  Ala.;  | 
on   Alabama  River  at  Montuomery,  Ala,,  and  at  Selma,   Ala.;  on   I 
Cahaba  River  at  Centerville,  Ala, ;  on  Mulberry  Fork  of  Black  \Va^ 
rior  RivernearCordova,  Ala.;  on  Black  Warrior  River  at  Tascalooen,  1 
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Tombigbee  River  at  Columbus,  MUu.,  ^nd  at  Epes,  Ala.; 
arl  River  at  Jackson,  Mien.  The  locatioos  of  the  river  sta- 
le Apalachicola  and  Mobile  river  baeioB  are  shown  in  figu. 


Fia.  M.— Drmlnage  IhhIi 


Mis  that  oc'curreii  during  tbf  jfar  11*01  on  the  rivers  of  the 
3m  States  have  l>eeii  of  iiiarked  severity,  notably  the  high 
December  20  to  31,  whii-ti  resulted  in  the  destruction  of  a 
f  masonry  mill  dams  and  otlier  valuable  property. 


SAM    MEASUBKMENTB    IN    ItWi. 
APALACHICOLA  RIVER. 
aWuMjfMl  mnntlily  .ligiluiryr  uf  Flint  ttivrr  at  IViK^lhury,  i 


DlwhanCF  in  uBond-faet. 


«•««-   I  T^  iX" 


Aprll- 

JntK! 
Jnly 

AaKnst 

Beptnnlwr 
October -- 
November . . 
Deoetnber 

The  yt 


5,640 
6.830 


G.080 

a.  040  , 


1,870 
1.120 


S.803 
9.  sun 
I.TH 

a.  -sa 

l.«17 
TSO 


a.  Ml 
i.an ; 


inir«i»T-aiipiiirfti" 


Entimated  iik'hIIiIij  disfliiirge  iif  Cliattahouchee  Rivrr  ii«jr  Biiftml.  li 


DiBBhaivB  In  nuond-tevt. 


June  24  to  80.. 

July  - -  - 

Aognst 

September  .    . 

October 

November 

December 


lU,  324 
3.10) 


a,  smi  ■ 


8,554 
2,507  I 
4.B8ri  I 
H.ODI  . 
1.963  I 


1.46 
3.4.1 


n  in  WKter^^apply  Pip* 
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ited  monthly  discharge  of  Chattahoochee  River  at  Oakdahf  Oa. 
[Draina^  area,  1,M0  Miuare  milea.] 


Month. 


1901. 


ear 


Dificharge  in  seoond-f eet. 


Maximum. 


Minimum. 


24,180 

5,028  ' 

25,890 

12,780 

21,900  ' 

10,500 

9,474 

21,672 

15,744 

4,844 

1,898 

29,880 


29,880 


2,044 
2,272 
2,044 
2,846 
2,511 
2,934 
2,040 
1,829 
2, 676 
1 ,  758 
1.690 
1,690 


Mean. 


5, 191 
8,214 
4,929 
5,149 
4,624 
4,749 
8, 225 
7,697 
4, 145 
2,600 
1,768 
4,285 


1,690  '        4,298 


Run-off. 


Second- 
feet  per   I  Depth  in 
square       inches, 
mile. 


8.88 
2.06 
8.16 
8.80 
2.96 
8.04 
2.07 
4.98 
2.66 

1.67 

• 

1.13 
2.75 


2.75 


3.84 
2.15 
3.65 
8.68 
8.42 
8.39 
2.89 
5. 69 
2.97 
1.93 
1.26 
8.17 

87.54 


e  heigfhts  and  diacharge  measurements  for  11)i)i  are  {fivon  in  Water-Supply  Paper 
18;  rating  table  on  page  dSSSi  of  same  paper. 


)  8TBEAH   T£KASVBSM¥JS1S   IN   1901.  IikkA 

Eatimaled  monfMy  diadtargt  of  Chattdhoodue  River  at  Wett  Poiitt,  On. 

(DrmlDBge  kreft,  S^BO  aqiutTe  mflea.] 

Dtoahuv*  in  HWCHid'feet.  Bun-off. 


January 

February  .. 

Uarch 

April - 

Hay  -  - 

Jtme- 

Jnly 

ATlgOBt 

September. . 
October . . . 
November . . 
December . . 


43,(180 
87,100 
88,410 
33,880 
53,750 

16,  no 

13,450 


11,748 
10,015  1 


11,022 

10.814  ' 


4,M4  I 
13,983  , 


3,8a5 
13,116  I 


3.41 
3.34 


l.SO 
$.08 
3.16 


'I     '■■' 


3;.n 


"I  lI:'nI1  :  ITlIlt!"  1 


J.  as.— Dincharac  ot  C 


BASTEHN    (iVLB   DKAINAOE. 


TENNE        SSE/E 


^^^^^^^^^^KAM   MEASUBESCENTS   IN  IW^^ 

^ 

m\ 

TALLAPOOSA    RIVER. 

SaimatedmoJithlv  diixhat-ye  ,>/ Hillabee  Creek  , 

Mil. 

IDnliwtre  nTr»,  SU  iqakn-  miles.! 

m 

DiKhsrgo  In  Mx-iuid-feet. 

Btu 

« 

w 

HuimDm. 

Haul. 

"^T 

1900. 

SeplemboT - 

8.074 

146 

3T0 

1.73 

I* 

3ctober 

3.  ion 

146 

38T 

l.MI 

2,» 

Noremljer 

3.003 

184 

471 

2.20 

ta 

2,150 

968 

7.6 

8.35 

t.9 

IBOl. 

t.lt 

FebnMHy 

8,646         see 

990 

4.30 

id 

JUrob--    - 

1,798  1           484 

617 

3.88 

IS 

8,&i<)  1        see 
i.sae  i        484 

4.n 

Blar-. 

It 

i.» 

i.» 

Aognst ---. 

1.446  .           188 

m 

2.50 

... 

n.54  1            ISS 

249 

i.ie 

1.9 

.» 

169  '           1S8 

146 

.69 

.:: 

Deceuber 

4,350 

138 

sm 

3.46 

IS 

The  year 

4,350 

133 

559 

3.61 

jiii 

Nirt'K  -(jiige  heights  BOd  diwhariiP  imwsurtmonto  for  18UI 

■re  glTBD  lo 

■WstorSnp 

pifW 

Ho.  as.  iHM(»sn,  »UnK  Mble  on  page  m  ot  sime  iHper. 
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mated  monthiif  diwehaiye  of  Big  Sandy  Creek  near  Dadeviiie,  Ala. 

[DrsliMce  area,  lfl5  aqiiAre  milw.] 


Mootli. 


1901. 


Discharge  in  Mcond-feet. 


RniKiff. 


ICaximnm.    Minimum 


year 


880 
2,700 
6,892 
8,428 
3.220 
2,492 

516 
2,180 

620 
1,764 

115 
10,500 

10,500 


mm. 

Mean. 

Second- 

feet  per 

■qnare 

mile. 

Depth  in 
inches. 

308 

425 

2.18 

2.51 

282 

545 

2.78 

2.90 

256 

552 

2.83 

3.26 

334 

689 

3.53 

3.94 

230 

480 

2.46 

2.84 

178 

523 

2.68 

2.99 

152 

227 

1.16 

1.34 

115 

369 

1.H9 

2.18 

67 

257. 

1.32 

1.47 

45 

462 

2. 37 

2.78 

67 

92 

.47 

.52 

85 

1,265 

6.49 

7.48 

45 

490 

2.51 

34.16 

ige  heights  and  discharge  mf«Mar(>ment8  fur  1(N)1  are  given  in  Water-Supply  Paper 
8TB;  rating  table  on  page  HBe  of  name  paper. 

mated  monthly  discharge  of  Tallajjoosa  River  near  Suaattna,  Ala. 

[Drainage  area.  2,610  flquare  milei*.  ] 


DiHchario'  ni  H«?r<ind-feet. 


Run-off. 


Month. 


1901. 


^ximum 

Minimum. 

Mean. 

Second- 
feet  IHT 
wiuare 
mile. 

D<^pth  in 
inches. 

53,  7M() 

5.  o:w) 

13,265 

5. 08 

5. 86 

44.  7m 

5. 630 

1 1 , 303 

4. 33 

4.51 

t>«,  :J3() 

a.  srw) 

7.546 

2.  89 

3.31 

Kge  heights  and  diacharKe  iix'asumix'iitN  for  IVRil  are  given  in  Water  Supply  Paper 
t74;  imtisg  table  on  page  daS  uf  same  paper. 


KTREAM   lUlAdU&KMKliTH  IH 


Flo  M,-Locatiou 


« 


B4.]  SASTBKM  OULF  DRAINAOK. 

Ettimated  monfUy  dinehargt  nf  TnUnpnnna  Rirvr  nm 
[Dnlikace  am.  3,Htn  Bqurv  milm.  1 

DtKhkrge  In  RsoODd-faet. 


r  MiiMmd,  Ala. 


3.013 

3.(H3 
1.671 
1.563 
1.503  I 


Mmh. 

mile. 

■SSSi- 

11.476 

3.99 

3.43 

10.440 

3.73 

3.83 

«,374 

3.18 

3..'>2 

13.030 

3.13 

3.4g 

fl.4« 

1.68 

l.M 

.■i.e7« 

l.M 

1.74 

.f.398 

.88 

1.01 

.l.WM 

l.M 

1.78 

.t.  137 

.83 

.91 

3,304 

.62 

.71 

l.Si.-. 

.48 

..M 

8.383 

3.10 

3.49 

—-  — 

. 

— irr; 

<•  Approilnuto. 

n  fur  ItOl  ■«  given  In  WBMr^npply  Pbimt 

iei«I»r. 


(t 

rtB 

"MAfT 

APO 

«.V 

JU«  1 

«Ua    I   HPT 

OCT. 

KX\ 

oon 

BOD 

an 

I 

il 

1 

i 

1 

h 

- 

11 

1 

i 

Jy 

J 

i 

i 

1 

1 

1 

r 

1 

1 

1 

1 

I 

r 

■ 

1 

\ 

r 

1 

1 

I 

i 

i 

i 

1 

i 

i 

1 

1 

1 

1 

1 

■ 

k 

FlO.  tt.—DlKlimrffi'  of  TalUpniH  RItpt  DMr  HfMnA.  KW..'^ 


mmmm 


PRECIPITATKiX   IN  THE  BASIN   UK  TALLAPOIIKA   KIVEB. 

ni«  principal  observations  nf  rainfall  made  within  the  Tallapoosa 
Rivvr  Basin  are  at  the  stations  enumerated  in  the  folloning  tal>K 
which  also  gives  their  geographic  location,  elevation  above  sea  lewl, 
and  length  of  record  of  observations.  The  relative  location  of  tliew 
points  is  shown  in  lig.  27,  in  connection  with  the  points  nf  riv^r 
measureinent  which  are  located  at  Alexander  City,  Darteville,  Stunle- 
vant,  Susanna,  and  Milstoad. 

IjHiiliini  ofnimfall  ulation*  in  Ttilhijiimaa  RiitT  Hturiii. 


StAUon. 

Coautr. 

BIMe. 

LsUtDde. 

I—WttBlte 

^^ 

>v«, 

"""■"to 1 

^1 

::l    SS 

HU 

_  - 

KlnidiT 

j 

The  following  table  gives  the  figures  of  normal  or  average  muiilbly 
precipitation  from  the  beginning  of  the  record  and  including  IWI, 
together  with  the  total  precipitation  by  months  for  the  years  !*9'i, 
1897,  1898,  18!t!t,  lEiOO,  and  1901.  and  also  the  annual  totals.  In 
obtaining  the  normal  precipitation  the  average  is  talten  for  all  of  the 
months  ilnnng  which  observations  were  matle: 


Precipitatio 


at  stations  in  rfrai'nnj/c  hiiain  of  Tallnpoona  Rirvr. 
ASHVILLE.  ALA. 


Y««r. 

.  J»n.  1  Fob, 

JUr.  Apr. 

Mar. 

Jnne.!Jiilr.lAn«. 

W<».|K„.,0...].t 

Nomikl 

...kuU-n 

7.16    8.30 

J.  90 

4.01  .  M;C  1  4.48 

E.M    i.M  ilOl 

,,.!  «-. 

IW- — 

s.as 

S.t4'S,2!|  i.a) 

1.88'  1.0»     t.W 

im 

....  4. IS  ,  e-OB 

T.«    6.00 

^.K 

.98   s.i:'2.ra 

-Dt  '    ttl> 

MB. 

....  5.M 

.SO 

S.W'fi.BT 

.40 

«,»7     8.K1  j  3.50 

B.rai;.5»   i.«, 

2.U      «» 

M»- — - 

t.i4  4.ai 

l.ffi 

S,4a     ».S7    3,43 

.i<,i.!n   S.B1 

S.BB 

G.t» 

i.8S^2.51  U.45 

a.81    .Ml  i.ffi 

600DWATEB,  ALA. 


4.W 

s.oe 

8.  so 
LIS 

4.33 

.75 

s.oo 

fl.at 

8.38 
&» 
7.36 
IS.8G 

i.l7 

B.SO 

3.11 
«.10 

*m 

i.lB  ;  4.97 

S.S8 

4.  IB 
10.  KS 

e.u 

.W  1  8.0S 

aei    .H 
9.1B  i.ar 

3.SS      ,M 
8.«     S.B7 

M7 
1.05 
.00 

3.78 

l.« 

318! 

a.  14 
las! 

S.3B 

a.sr 

l.M 

4«l    »>• 

.»■  ma 

.10 
B.TB 

3,  IS 
4.K 

wt 

I.I .« 

K^nLb.]  XASTKKN   aXTU  DBAINAQE.  87 

.M'reeipitatuM  at  ataiioiu  in  draiiuiife  bruin  of  Ttdlapoamt  Aitm^-Continned. 
LOCK  NO.  1,  i 


Tmt. 

J»n.  Peh. 

Ukr. 

«.» 
-4.11 

T.aD 

Apr.JMiyJ-ne-JnlrA"*- 

!.»     18S     4.3S     (t.11     4.« 
£44  18.0     4.~     &.ffi     l.H) 
S.M|l.7t      .43     4.51     S.45 
4.18  1  1.40     ft.S7  '  fi.W    t.ifi 
4.M11B1     1-W     9.K     a* 

9.a  1 8.48  13.<»   8,a:   s.fii 
S.lT'ai«    i.M    :).n    n.at 

Sept.' Oct. 
1.04     l.TI 

.n     .:4 
£.44   n.ra 

.W     MB 

Not.  D«:. 

.-Si. 

5.88    LS 
4.  SO    4.W 
4.N    B.M 
4.07      .« 

an   7.H 

£.»    134 
ILTS    &« 

e,»e   4 

1.B8    « 

fi.W      4 

01 
10 

tmnrnT 

— 

^*»ool""."::;!:" 

4T.11 

»«i<»l. 

OPEUXA.  ALA. 


^■'viRul I  ^e4    S.13    G.»    3.78]  ai4 

^•Hl B.B3  am  t4«  I  I.O.  i.ffl 


.  i.S|!>.fli   ao> 

.  4.n   i.tt   ai6 

.  7.41  '  S.4t    S.B8 

.  amjio.s:  ,8.iu 

.  V.W    T.14  ^9.m 


±" 


M'S.u   a.ai   aR3. 


ai    arx  ( 1.75   yes  1 


BLOB 
4t.» 

6t>.«l 
40.38 

moT 

B7.») 


OXAiniA.  ALA. 


%l«r»»l 

....'&»     4.« 

6.  as 

4.77 

4.II7     1.47     5.40 

4.30  ■ 

g.4S 

1.86 

8.75 

4,i7' 

W.SB 

Urn 

....   &S7  .  Gl» 

1.77 

I.H7 

4B.II) 

sm 

....   aOO,     .BD 

a?* 

4.17 

l.B     £.»     5.10 

f.lS 

l.RS 

<1.8H 

4.3B 

1.75  ' 

3N-»< 

5.5* 

R.ga 

2.S»  10-H8    e,4l 

3.W 
l.SB 

4,« 

ana 

fiW 

S.S1 

a«e' 

laoa. 

....  an   a80 

85.  K£ 

"" 

....  4.M     4.64 

5.17 

8.ai 

6,11     4.73    5.13 

IT. 

3-18 

.70 

1-44 

8,40. 

57,87 

TALLASSEE.  ALA, 


Monukl.... 

'5.11  a 

IWO. 

j  ■«  «■ 

1 

I  8.80    a«s    S.W  ! 
'5.55     £-73    4.30'' 


4.W    4.l»|2.14     £.40,' 
WETUMKA,  ALA. 


:.vi   1. 

a»  I  , 

4.08  1  a 


1.07    asi  5» 

l(l.V7|ia51i  1,30 

I     .41  ,  l,es  4-11 

ii.a7i'  7,1;  i.i-sai 

an  ai;  4.79 

£.57     4.30  .5,K 

I    .B£|  l.tff  U.TT 


G2.12 
47.30 
44.84 


.V19     4-75    : 
£.IH     8.73 


£.04    ai4    4.7' 

i.t:i    aiB    1.71 

.£0    £.47     4.ni 


4e.£n 

4e.57 
47.51' 


.  £.1£    £.15  arn    ».ie 

.  aw   ai5  an£   i.ir 

.  ais  I  a3ti  5,iir  au 

.,-..m   a4o  aai ,  4.W 


AM    ME'IAKI'KEMF.H'ni    IIT  1 

Tlif  aiiiiiuiil.  <>r  WHliTilKlivcrt^l  fntni  tlu- drHiiiufr*'  tui!<ui  hk  in 
linid  at  Mil-  iniltilK  nnmi^l  In-1i>w  Ima  lM-<>n  <i>iii]iii1ih1  in  t«-nuH<if  i]«p(b  I 
In  ioHioA.  Tlii>  iionnulM  giwii  ntv  Ihf  muntlily  »v<Ta^iw  tor  [ins  I 
(liiriuK  wbi<th  nieitHun>iD«?ulji  ur  truniputAl iuon  wore  hatl.  '[V  fij^nt  1 
for  Ui«  .vearl.v  uormol  are  the  snmit  of  Ihenp  nioiithly  avt'nitfw!, 

Itrfitlt  Iff  mn-aff.  in  Inrhra,  (ntK 


ttm. 

Jm.  MLjfar 

A^jliV-Jw..|M»-|A»».,*|«.jcte.|»«..Il«.,^ 

ll«nMl ..» 

LM    It*    I.M 

in' Lt*' l.a>' i.a    i.»     .w   i.»iiai'LB|  ^H 

.»       »      .• 

!.«■.  .«  ■  .»•     n    sn     ,TT|<.a   i-w'vuImI 

MM. ~ 

a.n   *.»   nn 

t-tK,  i.w      M    I  ia      c      .»     .ai     -a   L«' M 

Lit   &au   sw 

t.tl    i.l«|s.«    im       N    i-(fi    in    ih;i.»|»» 

fttt   cm   KM 

aia  '  t  M    1 11    I  m    1  TH       n  .     7i  1    u   la   M 

1      ,                      ■      :      1     .      ^ 

■UU... 

--H  »  1  -• 

im. 

»».  1  «!■: 

HAOnrALL. 

i        1 

Ashviiic                           '  nr.n  !  u.at    42.1.1 

4A.14 

.<».»)  1  Tt.lM  '  H.S 

Ooodwawr                                   '411.66     SD.TB  '  1W.T5 

48.68 

50.43     T5.4«'  «.« 

LocJtNo^                         ni.»4    ar.w    4!.ia !  m.4t  |  tT.ii  j  rt.as   a.*i 

OpBlika                                      .      50.8(1  ,  U.m  j  M.TB  i  58.(W 

45.28     78.07     IIT.S 

Oxaniut                                     '  t«.AB  '■  S4.56  |  4S.06     38.0$ 

45.91      B.1.M     ST.n 

Tftl1(uw(*                                         .12.4.-.  ,  4H.3S     53.12     47.3(1 

44.94     .-iS.W     a,91 

WHiuukA                                       40.90  I  W.S7     4T. 58  ;  48.56 

45.07     M..'>4  .  i'<.a 

AvnKB 

51. SS    at. 74  i  44.41  i  47.10 

47.38  1  08.30     3>.S 

RUN-OIT. 

1 

TallapooBB  at  Hilirtead  . .  - . 

19.70  1 

t8.es 

te.48  1  89.00  i  38.41 

PercentagB  ot  rainfall 

88.84   

».41 

41.01     8S.30     »■» 

EASTERN  GULF  DRAINAGE. 
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COOSA  RIVER. 

Ittinuited  mtmthly  dinr/uttye  nf  Ktoirah  Hit'er  at  Canton,  (hi. 

[Drainaipe  area,  MM  wiuare  mil<aH.] 


Month. 


Diflcharic*^  in  necond-feet. 


Ron-off. 


Maximum.     Minimum. 


M«fibn. 


1901. 


rear 


14, 185 
T),  470 

14,600 
4,474 

14,268 
4,889 
2,648 

11.280 
2,814 
2.897 
1,320 

17.09i) 

17.090 


988 

1 .  ir>4 

9K8 

1,154 

1,154 

1.154 

905 

820 

988 

590 

905 

988 

590 


1,965 
2, 185 
1,890 
2.290 
2,894 
2.442 
1.317 
2, 533 
1,483 
1,039 
1 ,  052 
2,715 

i,9:m 


Beoond- 

foet  per 

Hquaru 

mile. 


3. 25 
3. 5:^ 
3. 13 
3.81 
3.96 
4.04 
2.18 
4.19 
2.46  , 
1.72  \ 
1.74  . 
4.50  \ 

3.21  ' 


Depth  m 
IncheH. 


3. 75 
8.68 
3.61 
4.25 
4. 57 
4.51 
2. 51 

4.a3 

2.74 
1.98 
1.94 
5.19 

43.56 


$e  heightH  and  discharge  meaHnn*mentM  for  WW  are  givt^n  in  Wat4*r-Knppl]r  Paper 
175;  rating  table  on  page  'tlSt  of  Hame  paper. 

mated  monthly  (Uncharge  of  (UHmnrattff  Hirer  at  Cartern,  (hi. 

[Drainage  ar^i.  Ki\  nquare  milen.] 


Mouth. 


i9<n 


Diw'harge  in  i4e<*ondfe<?t. 

Rpn 

8eoon<l- 

f  «»et  i>er 

W4uare 

mile 

■oflf. 

ximiiui 

Minimum. 

M(«n. 

Depth  in 
incheH. 

14.79() 

765 

1 ,  625 

3.06 

3. 53 

5, 070 

970 

1,871 

3.  52 

3.67 

14.070 

HI  5 

2,214 

4.17 

4.81 

9.  750 

1 ,  290 

2, 306 

4.:m 

4.84 

16.(r>0 

917 

2, 153 

4.06 

4.68 

2.094 

970 

l,5:i« 

2.  JM) 

3. 24 

1 .  455 

535 

923 

1.74 

2.01 

10.230 

022 

2, 77H 

5. 23 

6. 03 

Vi.m) 

970 

1,761 

3. 32 

3.70 

1.075 

022 

78;^ 

1.47 

1.69 

Ml  5 

622 

686 

1.29 

1.44 

15.510 

765 

2,689  ; 

5.06 

5.8:i 

16,950 

5:i5 

1  ,   «  i  4 

3. 35 

45. 47 

rear .     

^  heightH  and  <liM<'barge  meamirementii  for  191)1  are  given  in  Water-Knpply  Paper 
77:  rating  tablf  on  page  '<XSi  of  Hame  paper. 


BTKKAM    UKASIIRKMKNTS    IN    IMl. 


IBOI. 
Jiuiiiury 
f  fbrmtry 
Uorul)  - 
April 

NoYember  IS-Hd. 
Dettember 


1 ,  "(K) 
2.RT0 


o.ssa 


8.47 


4.» 
8.W 


111  dlwhkrKe  mekmrenienta  fiir  Iffll  uv  girriB  in  W«nr-i;tq^j  Pmpte 
m  pugs  aa  of  wuni'  psppr. 

Enfiiniitetl  wmllUp  iliwhiiryi-  nt  Cooaa  Rirrr  iif  Rome.  Ga. 


lDr»l 

twge  ««»,  t.um  aqiurH  m 

ifi^] 

tHHtairalUMMB 

4-tBM. 

SlOMlf. 

Uontll. 

Umui. 

alle. 

D^^ 

1001. 

Janiiarj- 

58,ftS0 

4.600 

15,450 

8.86 

4.B 

Febmary  . 

35.84fi 

4,900 

12.188 

3.04 

11,1' 

March. _.            

32.930 

4.600 

ia.406 

8.34 

!,« 

April.-          

86.048 

0,901 

15,578 

8.88 

i.» 

M»y - 

.11.734 

4. 1.V) 

13.588 

8.  IS 

a.« 

JnBB - 

18.968 

4,450 

8.816 

a.  08 

2.3! 

J<Uy -^ 

9.Tir. 

2,  AW 

4.44: 

1.10 

1.K 

AngMt  .- _, 

4fl,293 

a,  850 

18,780 

8.44 

!-« 

21,173 

3,130 

6,389 

l.SO 

1.:^ 

October ™-    - 

S.23II 

3.850 

a.  414 

.85 

.9? 

.63 

04.1Hfl 

3.475 

18,488 

8.8S 

«.*■ 

They.ar..., „^, 

04.186 

2,110 

10,108 

a.S8|     S4.3i 

m  In  Wktei^npplr  P»^^ 


KARTERH   GUI.F   DRAINAOE. 

Eftimated  monthly  dia^iarge  of  Coo»a  Rivrr  netir  Rivenide,  Ala. 
(Drftiiwceare*,  TMSaquire  mtlea.] 


ICudranm.  |  Hlniiniiin. 


1W)I. 

»«*«»»ry      - 

...J 

Tm.OOO 

«,970 

*"e-bn»ry  .  . 

41.10(1 

tt.ftTO 

lUrrh 

56.700 

7.4011 

■*-Bril 

.11,100 

i4.ri«o 

^ -  - 

40.  TOO 

6.670 

Jin« 

3B.100 

«,»10 

J^r- 

10.3(KI 

4.1100 

*^t         . 

W.TIKI 

4.4fllP 

■i-A,  \m 

5.7011 

October 

io,:«io 

4.3M(I 

*r»vember  - 

4.6.-10 

:t.M:«i 

tJecember.. 

.-.7, 100 

4.tr,0 

The  year 

.17. 100 

■A.KW 

Hon:.— ()>««  h»iKlilH  >nr 

dlwbarKe 

.■nlHrnrlH 

»o.  «6,  rane  87ft  rating  tobl 

iiui»Ke»;..fM.m.^ 

«I«.r. 

twtppT 

^fSJ." 

3.69 

♦.ai 

;i 

08 

3.31 

■i 

n 

8.87 

4 

20 

4.88 
3.64 

Fiu.  ai,-piat;luim  ul  Cuuw  Bivcr 


Bivi-ndik-.  Ala.,  iml. 


SABTEBK  OULF  DBAINAGE. 
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ALABAMA  RIVER 

^tstimated  monthly  discharge  of  Alabama  River  at  Selma,  Ala, 

[DndnAge  area,  18,500  square  milee.] 


Month. 


Discharge  in  aeoond-feet. 


Maximum.    Minimum. 


Mean. 


1900. 

50,110 

128,540 

89,478 

109,960 

41,864 

94,000 

93,468 

38, 140 

52,604 

35,480 

46,120 

48,780 

year.._ 128,540 

1901. 

-   107,300 

95,862 

92,670 

104.640 

59.420 

. . -  53, 56H 

.          21,318 

..' 66,86>^ 

46,120 

21,914 

H.750 

94,(KK) 

year 107,:iOO 


9,676  j 
10,920  I 
37,874 
21,648  ; 
13,668  ' 
12.220 
12,660 
9,124 
7,189 
7,097 
7,596 
8,750  i 

I 

1 

7,097  ' 

22.446 
:<0,692 
21.382 
32. 288 
10. 120 
7,818 

I 

7,596  ' 
9,532  ' 
10,428 
7,931 
7,931 
H.511 


7, 596 


26,495 
68,768 
58,272 
60,909 
21,090 
35,288 
33,964 
14,156 
17,86^ 
14,492 
18,506 
28,989 

83,772 


61.213 
55, 0:^7 
:^9,017 
73, 048 
2<(,966 

2«,o:iO 
13,  rtm 
:J0, 853 
19,:j94 

11,022 

H,266 

26,6:W 

32, 585 


Run-off. 


8ecx>nd- 
feet  per 
square 
I      mile. 


Depth  in 
inches. 


1.96 
4.72 
4.82 
4.51 
1.56 
2.61 
2.52 
1.05 
1.29 
1.07 
1.87 
2.15 


4.53 

4.08  I 

2.89  ! 

5.41  : 

2.00 

1.9:^ 

1.00 

2.29 

1.44 
.82  I 
.61  '■ 

1.97 


2.26 
4.91 
4.98 
5.03 
1.80 
2.91 
2.90 
1.21 
1.44 
1.23 
1.53 
2.48 


2.34  i      32.68 


2.4 


*   I 


5.22 
4.25 
3. 3.3 
6.04 
2.31 
2. 15 
1. 15 
2.64 
1.61 
.95 
.68 
2.27 

32.60 


ige  heights  and  diMrharye  meamiremento  f(.»r  1W)1  are  given  in  Water-Supplj  Paper 
282;  rating  table  on  i)age  339  of  same  paper. 


FlO.  80.-.DlKt»rfe  of  AUbMU  Blrer  at  Selna,  Ala..  ItOO-UCQ. 


BASTBBN  OtTLF  DBAINAOE. 
BLACK  WARRIOR  RIVER. 


[Drainage  ar».  l.WU  gqnare  mlleB.] 

Run 
SeoDnd- 

(BBtPBT 

<«. 

TtaaOi. 

^„. 

Depth  In 

1900. 

48,384 

1 
1.134         IB,18S 
810  .         3.»75 
660           1.016 

8.52 

1.57 
.53 

.91 

.78 
1.13 

fl.51 

11,848 

2.m 

6,808  '            »»4           1.487 

.87 

^  — -,    ■ 

1901. 

10.004 

5,oao 

3,404 


.1.48  I 
8.  40  I 


4.02 
4.10 


Kht .«.  BTuI  iraH»«B«'c.n<J-Ii*t 
lsg»  belghHiiiiil  'lM:IiBr)i:« 
iSea;  rating  table  on  paimi » 


31.820  1 

.11 K 

4.02.1           2, .-.9 

2.99 

.-,1,80. 

■JO.'i 

:i.77s           ,.1H, 

2*1.93 

u.K.-iir%- 

Tl,^  l..wt«t 
DT>  fur  IMJl  ■ 

iw'luBl  dlwharge  niii«un-d  was 
re  gl»au  in  W»tBr-8npply  Paper 

IftttkH   HKASl-RKHKNTK   IS    IWL 

thly  Mitriuirfff  of  Bhiek  Warrior  Hitrr  at  TWufmHi,  Jk 


Fobnury 

MKKb 

April 
Mny 
Jtuw 
Jiily    . 

November 


Ximattu. 

1W.S73 

4.W0 

An.  lot) 

4.  IBS 

M.KNI 

3.8tfi 

fiT.020 

■vaso 

I0.795 

3.«S0 

B.OIll 

8M 

B.W5 

4ial 

a».550 

ua 

H.tHHI 

Tiol 

4. 778  j 

w.a»t 


15.004 

n.H7 

i;,87A 
4,8B9 

s,nT 
i.sto 

T.UT 


in  an  glTvu  la  W»>ui  Om*I 


XA8TSSN   QULF  DRAINAQB. 
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TOMBIQBEE  RIVER. 

uUed  monthly  discharge  of  Tombigbee  River  at  Columbus,  Miss. 

{DndoBge  ares,  4,440  aqnare  mileA.] 


Month. 


1900. 


ear 


1901. 


'ear 


Discharge  in  aeoond-f eet. 


Maxlmtun. 


Minimum. 


18,864 
16,486 
28,938 
40,498 
13,450 
37,600 
29,596 
10, 414 
1,775 
10,138 
10,000 
11,794 


40,498 


33, 
24, 
29, 
21, 

11, 

7, 

1, 
24, 

7, 

1, 

17, 


736 
352 

182 
040 
656 
792 
097 
352 
240 
915 
000 
590 


33, 736 


2,962 

2,686 

6,688 

3,100 

1,464 

3,790 

2,410 

707 

632 

566 

1,097 

1,464 


566 


2,410 

3,790 

3,514 

3. 376 

1,328 

707 

582 

582 

753 

650 

650 

810 


Mean. 


582 


Bnn-off. 


5,588 

8,659  i 

15, 285 

21,265 

4,944 

27,692 

11,411 

2,257 

950 

3,989 

4,304 

5,239 

9,299 

14, 193 

12, 533 

10,884 

9,890 

4,949 

2,767 

730 

7,673 

2,008 

748 

756 

6,730 

6,155 


Seoond- 

f  eet  per 

square 

mile. 

Depth  in 
inches. 

1.26 

1.45 

1.95 

2.08 

8.42 

8.85 

4.79 

5.34 

1.11 

1.28 

6.24 

6.96 

2.57 

2.97 

.51 

.59 

.21 

.23 

.90 

1.04 

.97 

1.08 

1.18 

1.36 

2.09 

3.20 

2.83 

2.45 

2.23 

1.11 

.62 

.16 

1.73 

.45 

.17 

.17 

1.52 


28.18 

8.69 

2.95 

2.83 

2.49 

1.28 

.69 

.18 

1.99 

.50 

.20 

.19 

1.75 


1.39  I      18.74 


re  heights  and  discharge  measurements  for  19U1  are  eriven  in  Water-Sujiply  Paper 
86;  rating  table  on  page  SS  of  same  paper. 
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STREAM   HEA8UBEHKNT8   IN   1001. 

Estimated  moathljf  discharge  of  Tombt^iee  River  at  Epea,  Ala. 

[DrkliMge  Kre*,  M80  aqiun  miles.] 


Jumary 

Febrwiry 

March  _ 

April__ 

May 

July 

Angoet  16-81 . . 


October 

November.. 
December . . 


85,700 
90.800 
84.500 
12,900 
18,000 
1,484 


8S,579 

3.90 

3.51 

30,909 

2.38 

ZM 

18,198 

1.83 

3,11 

18,102 

2.  OS 

19 

6,880 

.78 

4,585 

.53 

.9 

1,295 

.IS 

21,541 

3.44 

1.41 

3,205 

.36 

1.688 

.18 

1,550 

.18 

12.249 

1.3S 

l.« 

Bl  are  glTon  in  Watet^uppl;  Pip" 


STREAK  XEASUBSICEIITS  IK  1901. 


V9 


£ASTEBN  MISSISSIPPI  RIVISR  DRAINAGE. 

couvenience  of  classification  the  tributaries  of  the  Mississippi 
er  draining  from  the  east  and  including  the  main  river  above  its 
C9tion  with  the  Missouri,  have  here  been  grouinnl  togothor.  Tliese 
rn  tributaries  vary  widely  in  character,  both  as  reganls  type  of 
and  the  topography  of  the  areas  which  they  drain.  Those 
Suing  the  comparatively  low  rolling  country  adja<*ent  to  the  valley 
tihe  Mississippi  are  as  a  rule  sluggish  streaiiis  with  few  falls  of 
KM>Ttance,  while  the  upper  Ohio  River  and  its  numerous  tribuUiries, 
%he  contrary,  drain  a  country  of  high  elevations,  their  upper 
\yeing  through  narrow  V-shaped  valleys,  with  fre<iuent  falls 
with  high  rocky  banks.  Owing  to  the  steep  slopes  the  run-off  is 
^  idy  causing  sudden  fluctuations  in  the  streams  and  giving  rise  to 
PitMe  high  floods  and  extreme  low  waters  for  whi(.*h  the  Ohio  Hasin  is 
S*^t*t!)d,  and  the  influence  of  which  is  felt  to  a  markeil  degree  even 
tihe  flow  of  Mississippi  River  below  Cairo. 

stematic  records  have  been  kept  during  liH)l  at  numerous  points 
mig  the  princix)al  tributaries  of  the  Ohio  River,  on  the  Mississippi 
^"VTer  at  St.  Paul,  and  on  the  Yazoo  River  at  Yazoo  City. 

UPPER  OHIO  RIVER. 


Sstimaied  monthly  discharge  of  Youghiogheny  River  at  Friendsville,  Md. 

[Drainage  area,  2U5  Hqnare  milen.] 


Month. 


1901. 


MDnaiy  . 

JtBhroary 
much  ... 
.April.... 


JWy 

AMgoat  ... 

Baytumher 

Oetober... 

Horanber. 
Daoamber . 


The  year 


Discharge 

in  wMrond-feet. 

Runoff. 

Max  imam. 

Minimum. 
575 

Moan. 

Second- 
feet  per 
wioare 
mile. 

'         2.72 

Depth  in 
inches. 

1,942 

3.14 

m) 

000 

600 

2.03 

2.11 

4,4o() 

000 

1 

,824 

1         6.18 

7.12 

4,3;^) 

865 

2 

,103 

7.13 

7.96 

3,082 

400 

1 

,167 

3. 96 

4. 57 

1,942 

300 

692 

2. 35 

2.62 

raj 

130 

231  1 

.78 

.90 

400 

130 

194 

.66 

.76 

300 

95 

159 

.54 

.60 

130 

95 

105 

.36 

.42 

:j50 

95 

176 

.60 

.67 

5,  :%2 

300 

1 

.651 

.56 

.65 

T),  362 

95 

809 

2.32 

31.52 

NoTC^Oage  heights  and  diHchargi^  measurementH  fur  19U1  are  given  m  Water-Supply  Paper 
Ko.  6S,  pftgv  SBP;  rmting  table  on  page  823  of  aame  paper. 


BT8EAM   HBASURSHEIVTB   HTl 

immthly  tliwltarge  ■)/  Ch^nf  River  near  tjnem,  W. 

[Unlia.ee  srea  I.ITTII  hiiuhv  mQw.] 

Diacbarge  In  aeoond-tCet. 


October - 
Niivember.. 
December . . 


July-..- 


October 

NoTember. . 
December.. 


s,oro 

0,442 


3.070 
7,370 


Note.— (isKe  beigbtssni]  iUmh«rge laeoauremeBte  buTelwpii  pablished an rullmn:  ForlM 
In  WMer-8npi>ly  Paper  No-  HB,  piigo  Uft  (or  11««,  In  Water-Supply  Pkpcr  No.  ih.  !■«»  ir. 
rating  tAblc  In  Wat^r-Sapply  Pkiht  No,  ffi,  pi^eSKh  later  mMourementA  on  page  Biol  m 

GREAT  KANAWHA  RIVER. 

Estimated  monthly  discharge  u/  Greenbrier  River  at  Alderacm,  W.  Va. 

[DralUBge  sna,  1,344  aqoare  miles.] 


Dlacharge  in  Moond-tv 


IWl. 

Jantiaiy 21,050 

February _ 3,440 

March ____ )  14,300 

April I  18,340 

May - I  30,875 

June I  20,680 

July I  4,080 

August I  2,560 

September -. \  2,110 

October _   I  315 

NoTember  |  43S 

December . .  37. 700 


3,685 

2.00 

6,830 

4.70 

4,849 

3.34 

8,938 

3.93 

1,877 

.95 

The  year. 


,700  ' 


■e  gjvon  in  W«ter-6nppljr  ftP" 


KASTEBR  MISSISSIPPI  BIVKK  DBAINAOR. 

imated  monthiy  diteharge  of  New  Rivfr  at  Radford,  Va. 

tDnduAgs  ■!«>,  1,TK  ■qnue  miltiB.] 


d-r«t. 

Bon 

oR. 

trntb. 

HKdmnm. 

Xlnlniiini. 

H«D. 

s 

'issa!" 

see. 

Ifl.OHO 
Sl.lflO 
49.880 
4.788 
11,920 

19,200 
28,040 
5.<<.000 
18,730 
9,320 
18,680 
8.860 
4,290 
6,720 
S,000 
S.S60 
20,240 

2,220 
1.800 
2,4.50 
3.450 
3,970 

8,250 
2,970 
7,340 

3,8«0 
2,970 
2,000 
1,400 
1,400 
1.400 
1,40(1 

srto 

4.257 
5.5H7 
9.0S8 
3.4?5 
4,80a 

5.595 
12.53t 
18.136 

8,493 

5,  nw 

4,807 
3,048 
],IHI8 
8,513 
1,453 
1,64.') 

1.56 
2.05 
8.»t 
1,28 
1.78 

2.0.1 
4.60 
6.65 
3.13 
1.9H 
1.58 
.75 
.72 
.93 
.58 
.60 
1.16 

1.80 

899. 

2.86 
4.79 

J. 

r>3,ooo 

UM 

5,602 

2.06 

1900. 

u.ooo 

28.300 
32.T20 

IB.  200 
8,800 
S.800 
0,840 
2,220 

13,320 
11H,000 

ilN.OBO 

31,»NJ 

l.HOO 

2.  (WO 

3.  HAD 
2,970 
3.250 
3.9T0 
1.400 

675 

600 

850 

3,000 

3,700 

4,178 
a,  803 
11,244 
6,B5fl 
4,156 
4,824 
2,S35 
1,209 
2,239 
7,810 
.5,871 
5,815 

1.53 
2.50 
4.13 
2.44 
1.53 

.97 
.44 

1.7« 
3.60 

1.76 
1.97 

1.13 

118,000 

575 

5,208 

Ktttmtttfl  mtmtMw  lUarttargt  vf  Nnn  Rirer  at  Rad/onl,  Tu.-Cno 


Jaatmry.. 
Febni»ry 


JaJy 

Aujpmt 

Saptembnr  . 
Oclobw  . . . . 
Noveiijlier    . 


It.  am 

H.4W) 
138.400 
187. 7«) 
43.080 
M,8O0 
100.  MO 
S3,:!0a 
14.000 
4.T85 

w,soa 


3.540 

s,mo 

S.T1S 

8,  mo 

8.  MO 
S.MO 
a.  330 
1,400 
1.600 


a.in.^ 

4,S*T 

ie.!i4 
in.fui 

N.aoT 

8,o»r 
ai.too 

8.264 


187.760 


Eitivtated  Toonthly  dimAarge  of  New  River  at  Fayette,  W.  Va. 

[Dntnags  uv*.  tJDO  aqiura  mlln.] 


DlKbarsB  In  ■oMod^raet. 


Febmary  .. 

March 

April" 

May  1-23  «.. 


3B,10O 
13,8S0 


107,740 
00,430 


6,590 
14.»4« 
11,100 


8,03ft 
12,775 


3.0< 
«.75 
S.8S 


<■  Approilmato  from  Apr.  it  to  Iter  1. 
Not*.— Osffe  haighta  and  dSmsbarsa  DMaBarementa  for  UUl  are  gina  in  WatMNSnpiil 
Mo.as,pBSe»t. 


EASTXair  MI88IB8IPH  BIYSB  B&AINAOB. 
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TENNESSEE  RIVER. 

%ted  monthly  diBcharge  of  French  Broad  River  near  AsheviUe,  N.  C, 

[DndsAge  area,  987  square  miles.] 


Discharge  in  second-feet. 

Bnn-off. 

^onth. 

MaTlmnm. 

MiTiimiiTn. 

2,170 
2,055 
1,945 
8,145 
2,620 

Mean. 

Second- 
feet  per 
square 
mile. 

3.25 
2.42 
4.22 
6.86 
5.11 
4.92 

Depth  in 
inches. 

1901. 

12,940 
4,185 
22,220 
15,655 
24,160 
10,800 

8,206 
2,896 
4,166 
6,772 
5.048 

8.75 

--••..--                  -..• 

2.51 
4.86 

7.65 

5.89 

3,060          4.a'i2 

5.49 



» 

20,320 

11,500 

7,300 

2,170 

26,350 

2,000  '      10,740 

10.88 

12.54 

r 

2,760           5,132           5.20 

5.80 

2,170  I        2.810 

2.84 
2.01 
6.37 

3.28 

*  *  * 

p 

1,890 
1,890 

1,984 
6,288 

2.24 

• 

7.85 

a  No  record. 

age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
)801;  rating  table  on  iMtge  323  of  same  pai>er. 

inuUed  monthly  discliarge  of  Tennessee  River  at  Knoxville,  Tenn. 

[Drainage  area,  8,990  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


1900. 


19, 322 
56, 505 
58,830 
27,210 
11,082 
33,720 
25,  a50 
11,082 
14, 570 
41,160 
42,090 
28,140 


Minimum. 


syear 


58,880 


3,850 
4,a50 
15,818 
11,082 
6,170 
5,882 
5,322 
4,250 
3,450 
3,450 
4,850 
6,462 


Mean. 


8,717 

18,202 

28,349 

14,942 

8,179 

12,860 

9,867 

5,697 

5, 722 

7,568 

10,282 

10, 814 


8,450  >      U,7^7 


Bun-off. 


Second- 
feet  per 
square 
mile. 


0.97 

2.02 

3.15 

1.66 

.91 

1.43 

1.10 

.63 

.64 

.84 

1.14 

1.20 


Depth  in 
inches. 


1,E1 


1.12 

2.10 

3.64 

1.85 

1.05 

1.60 

1.27 

.78 

.71 

.97 

1.27 

1.88 


X= 


17.69 


^B^^^^  SI'BEAM  MEA9UBBJCENT8  IN  Vt^^ 

Estimated  tuoHtMff  dUcharge  of  Teitnentee  River  at  Knaaville,  Tenn. — Contmned. 


January  ... 
February  .. 
Marth    .... 

April 

May 

Jnly 

Aognat  . .  . 
September  . 

(X-tober 

Hovember  . 


71,850 
TO.fWG 

146.2-10 
44.tt80 
W,33T 
77,430 
86, BIO 
IS. 89a 
fl.TfW 

141.600 


fl,7«0 
I6.S42 
10.010 
13,!»2 
6.700 
6.760 
8.322 
8,170 
B,OIW 
5,332 


1.86 
t.8U 
i.M 
8.48 


S.O.'iO 


Note.— Obk< 

No,  (B,  page :« 

EiitivMted  m 


for  19D1  aro  kItbii 


W»ter-SnppIjP>l* 


nthly  dinchurge.  of  Tiickascgev  River  at  Brpaon,  JV.  C. 

[DrainiLgB  Bno.  6tt2  aquara  miles.] 


Jannary... 
February  . 

April 

May 

June 

July 

AogUBt  ... 


October  .... 
Noyember. . 
December .. 


DlHcb&i^e  [□  second-feet. 


UkiIiuiiiii.    UlulmanL. 


3,67S 
17,550 
11.126 
26,350 
8.076 
3.850 
10,000 
5,515 
3,650 


I    feet  per     DeMa 
Bqnate       '"*" 


3,636 
2,265 
1,250 
4,658 
2,003 
1,034 


8.67 
2.33 
4,82 
5.78 
S.34 
8.41 
I.n 
7.08 
3.03 


r  lOOl  uro  giveo  In  WfttBr.Sopii!T  P*V" 


II.     HAGISG  SI-AIIOfj  ON  TENNESSEE  RWEB  K^  CWfctTkHQCXil 


RA8TKBK  WflsraaiPFI  KIVBS  D&AIMAOK.  1 

'  monWiP  diaeharge  of  Little  Tennemee  River  at  Judaon,  N.  0. 
[Drsliuwe  «rea,  (RE  aqnare  milts.] 


Bnn-ofl. 

•atli. 

Hlnlmuin. 

Vsn. 

8.48 
2.43 
4.88 
5.91 
5.57 
4.00 
2.50 
fl.16 
2.90 
2.04 
1.35 
12.00 

^iSSU*" 

m. 

18,800 
2,955 
28.650 
14,000 
40,680 
7,560 
8,510 
22,125 
8,140 
8,825 
1,12.5 
57,640 

1.250 
1.250 

1.185 
1,725 
1,260 
1.486 
1.126 
1.126 
1.2.10 
1,135 
786 
7S5 

2.849 
I,«42 
2.277 
8,B87 
8,762 
2.740 
1,745 
6,188 
1,550 
1,374 
009 

e,iao 

1.61 

J 

67,640 

785 

3,136 

4.65 

■e  glveD  In  Water-Sapply  Paper 


t.  aE.—DlaoharKe  of  Little  TennHBee  Blver  at  Jadflon,  N.  C.  IMl. 


'itiiU-d  mu'illily  (/I'sc/iarf/e  "/  Hitruiuie  Hiver  at  Hurpliy.  ,V.  I 
[Dninage  ana,  llll  Hinarc  mll«  ] 

Dlscharce  Id  •econd-teet. 


January... 
Felimary 

Uarob 

April 

May 

Jtme 

July 

Aogiut    . 


October... 
Norember  . 
December  . . 


0.840 
10,  WW 
0,480 
a.  100 
8.  ISO 
13,2«0 
3,860 
1.560 
630 


S,5S5 


s.ues 

1,£>4 


S.BO 

(.» 

' 

3.W 

IB 

3.7B 

It 

6.  IS 

' 

*.T8 

8.09 

3.03 

7.+S 

8.IM 

1.53 

1.18 

i: 

4.  S3 
8.7T 


Entimiitvd  iiumfhly  disdmrge  of  Nottely  River  at  Ranger,  N.  C. 


1901. 
FelmiBry  16-28... 

M»y 

June 

July 

August 


DincharKe  In  woand-feet. 


Mudmam.    MlDlmam-        Uoan. 


October 

November.. 
December.. 


8,410 

3,000 


4,100 
3,660 


1.86 
2.85 


3.20 
2.00 


1.70 
1.43 
S.41 


1.9t 
1.* 
8.0 


ftist  vi>^UHp«iiKitr  Pi^ 


XASTKKK  lOSBUSIPK  RlVKH  DRAINAOE. 

ital  mtmthly  diachargt  of  HivMttee  River  al  ReliaHcr,  Z>nn. 

1 1,  iHlMilur-'  iiilluH. 


Ron-ofl. 

M-tt. 

Hms. 

^ 

"^J^ 

IBOl. 

flO,M)0 

i2,rm 

84, 041) 
2B.IM0 
»7,.')30 
7,250 

a.iaa 
aa.m) 

5.7W 
2.373 
1,«OT 

37,  .530 

l,HU,'i 
1.4«5 

i.Hiri 
8,  aw 

3,170 
3.:t7.-. 
1.48.1 
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•nated  montMi/ itutclutrge  of  Iliinunfe  River  at  Charlenton,  Tetm. 

[I>nlnB|[«  Ufi-n.  ^.esTiiquAK  milua.] 
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Ettitiiated  ttunitlUg  discharge  of  Toccua  River,  iivar 

DlBchftTBe  Id  secoDd-t«et, 
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LL.1  VtBIEKK  mSBiaBIFPI  Bn'ER  DBAIHAOE. 
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%iA  ittABVREKENTS   IN    190L' 


GREAT  LAKES  DIIAIKAGK, 


StatioDK  liav?  been  mAiiit.)uned,  us  in  past  years,  on  Sandusky  Bin 
at  Fremont.  Ohio,  jukI  on  Maiinieo  River  near  Waberville,  OMo,  In 
owing  to  lat'k  of  suflicieut  diKOharge  measurementti  the  flow  of  tl 
former  during  1901  has  not  Ijeen  computed.  StRtions  were  i 
tAined  during  1901  on  Grand  River  at  Norl)i  Lansing,  Mieti.,  andit 
sin'ural  ix)ints  in  the  city  of  Grand  Rapids,  Mich.  Results  of  luKU- 
urementa  made  of  Grand  River  at  the  ChiiuiKO  and  West  Michigu 
Railroad  bridgo  at  Grand  Rapids,  Mich.,  are  given  for  the  years  189* 
to  IfKX),  the  records  of  daily  discharge  of  which  were  published  a 
W'ater-Siipply  Paper  No.  49,  p>iy;&  343. 

MAUMEE  REVBR. 

In  the  following  pages  are  given  the  re»ult8  of  measuremonW  m»fe 
during  1!)0I  for  Maumec  River  at  Waterville,  Ohio,  together  with* 
eompari»ou  of  the  run-off  from  the  drainage  basin  with  the  predjs- 
tation  observed  at  the  rainfall  stations  in  the  basin. 


Estimated  monthlfi  discharge  of  Maume«  River  ni 

[DnluBBfl  area,  fl.111  aqnare  mllen. 
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PRECIPITATION  IN  BASIN   OP  MAUMBB  RIVBR. 

The  principal  observations  of  rainfall  made  within  the  ba^  <^ 
Maumee  River  are  at  Ibe  r^Uotib  tiii\«nexa\«d  in  the  following  table, 
which  gives  the  precipitatioa  \>v  Taoi^yaa  iot  \^\,  Toa  %«;a<i&«^ 


GBKAT   LAKX8    DRAINAQX.  Ill 

moathlf  precipitation  derived  from  ttiis  table  are  compared 
lext  preceding  table  with  the  monthly  discharge  of  Maumee 
ear  Waterville,  showing  the  relation  between  precipitation 
-off  in  the  basin. 
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GRAND  RIVER. 


J  monthly  diseharge  of  Orand  River  at  thtr  Chicayo  iind  Wrxt  Michigan 
Railroad  bridge.  Grand  liupi<h,  Mich, 


[DrainKge  area,  4,HI>  ninare  miles,] 
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nmSOX  BAT  DRAINAGE. 


Dming  Uie  jemr  1>'*1  syssiemATi^'  mr^<42i>e'm«'ni»  were  ccnnmenced  in 
le  hasin  of  Red  River  of  ihr  Nonh  wi^hiii  ihe  Uniied  Staler  nnder 
le  direction  of  Prof.  CTiarie*  M.  ILi:-.  «i:ne^-Tor  of  the  State  a^ioul- 
ural  and  economic  snrrer  of  N-^nh  I>2iki»:a.  Red  River  has  its 
mrce  in  Lake  Traverse  an*l  in  ::^  <«>Tirv>  :hn:*agh  the  Unitei!  States 
»rms  the  bonndarv  between  :^k*  >!aT€-s  *»{  Minnesota  and  North  and 

m 

rath  Dakota,  draining  a  bnia«i  Irvrl  anBti  of  highly  fertile  lands, 
fter  crossing  the  intemati«*nAl  V»>uiidanr  it  n^^-ives  from  the  west 
[onse  River,  a  tribntary  of  <T»n>:d-rar»l»?  lengrh.  which  drains  a  large 
rea  of  North  Dakota:  it  ihrn  dows  :n:o  Lake  Winnipeg,  whenoe, 
Fter  mingling  with  the  waters  'if  the  Saskatchewan,  it  discharges 
irongh  Nelson  River  into  Undson  Bay. 

Stations  were  mainiaine«i  iinring  1  -r  1  ou  Red  River  at  Grand  Forks, 
.  Dak.,  Moorhead,  Minn.,  and  PemMna.  N.  Dak.,  and  on  Red  Lake 
iver  at  Crookston.  Minn.,  with  a  view  to  studying  the  feasibility  of 
ligating  lands  in  Red  River  Valley.  Ni>  results  of  measurements 
)rl901  are  here  pnblishe^l.  however,  the  data  being  insufficient  for 
tie  present  to  warrant  computation  of  the  flow  at  these  points. 

ST.  MARY  RIVER. 

In  connection  with  the  contemplate^l  water  storage  and  diversion 
A  St.  Mary  River  into  3Iilk  River,  a  station  was  establish!^  during 
L901  on  St.  Mary  River  at  Main,  Mont.  The  river  is  a  tributar>*  of 
Belly  River,  which  in  its  turn  flows  into  the  Saskatchewan.  A  full 
Ascription  of  St.  Mary  River  was  published  in  the  Twenty-sei^ond 
Annual  Report,  Part  IV,  pages  20S  to  271,  and  additional  information 
•  set  forth  in  the  following  pages,  relating  to  the  diversion  sehemo 
iDnded  to. 

Estimated  monthly  diM'tmryf  nf  St,  Mnrij  Rii>^r  at  Main,  Jlont, 
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helghta  and  diHohartcn  meaHuremontn  for  1)K)1  an^  (jrivon  in  Wator-Bupply  ]*n|Mtr 
^  €S,  page  IS;  rmiing  table  nn  page  170  of  uaiuo  paper. 
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m-E«  aUKHUURI  KIVER  DRAINAGE. 

The  Minoari  ia  fornv*!  by  the  Junction  in  soatheafitem  ModUqi, 
At  ThrM>  Forks,  ut  JoBenon,  Madieoa,  and  tiallatln  rivers.  Itopii*- 
tipal  tribataries  am  tbi.'  Milk  and  TellowBtotKt,  wMeh  for  coDvenieM 
ftre  eoiuildiFT^  iie[iarately.  Discharge  measnrementa  are  in  progiH 
*D  all  of  IheM'  ittnwiiut,  tut  well  at*  on  Crow  Creek,  n  tribatary  of  lb 
•oarl  Rivvr,  and  on  the  l'|i|>er  Sliaaouri  proper  at  Townsend,  Moal, 
wbere  tbo  Miiiaouri  Ri%'ur  Cummiasion  mf^inb^iim  a  gage.  BeeultsU 
1901  are  giren  in  Uie  following  pages. 

PRECIPITATION  IN  UPPER  BASIN  OP  MISSOURI  RIVER.        ■ 

Tbe  principal  ohnenratioDn  of  rainfall  matlo  witliin  th^  lM.<iiii  of  lb*  I 
baadwatere  of  Missouri  River  are  at  the  stations  enomersted  in  tin  I 


following  trtble,  whicli  also  gixcH  th^ir  googrftphie  location,  elevatii"' 
above  sea  level,  and  length  of  record  of  observations.     The  relfttite 
location  of  these  points  is  shown  in  fig.  36,  in  connection  with  tbe  ] 
points  of  river  measnremeuV  wUwK  *re  located  at  Salesville,  Log*")   [ 


I  UFPEB  HIS80UB1   BIVEB  DBAUTAQE. 

LoeatiOH  of  rain/att  riationn  in  U^er  Miatouri  River  Baain, 
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rhe  following  biblo  giv«H  the  figures  of  normal  or  Hvvmgu  montlily 
ecipitation  from  the  beginning  of  the  record  and  in(;lu<liiig  l!i(il, 
jietiier  with  the  total  precipitation  hy  inontbH  for  tJio  years  1806, 
97,  18<J8,  18'A  1!)U0,  aiul  I!HI1,  Hud  altw  the  aiinual  totals.  In 
taining  the  nonnal  precipitation,  tlie  average  is  taken  for  all  of  the 
mtlts  during  which  obtiorvations  were  made. 

Aenptfaium  at  atationti  in  ilniinityf  liwiin  of  Upper  JUistouri  River. 
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.Ht     .oo     .w   i.m'T.as   «.ia;  i.:n 

l.W 

1,14 

l.lll 

»_ 

.MI 

.60     .nr   i.»   4.iM|4.8i   i.rn     .ni 

.im 

.W 

.lU 

.4M 

1B.C 

.      .« 

..w;  .01 !   .on   4.1*1  U-tn|i.(F7     .711 

.(H 

,nS 

.mi 

:: 

11.011 

A«rw.. 

.us  <    .HT       .M    H.M 

1 

4.W.|i.W^I..B 

i.as 

.«3 

.14 

I",  ;(4 

Hkr.  Apr, !  Ifky.Llnno.  July.  Aur. 


IB  I    .IM 


Te«r. 

Ju. 

Fab. 

M-r. 

Apr. 

May.Jono. 

July 

Auk. 

..„J 

„ 

K... 

Dor. 

An- 

fttt 

a.aa 

AM 

o-nr. 

i.ai   1J.11T 

11-43 

"t 

o.a) 

1.^ 

II.  K 

11,* 

K. 

.n   ±si '  i.iB 

,ai 

.m 

,:!1 

.«; 

«. 

.U 

.™ 

.Kt 

i.io     .va     .17 

.Hlj 

.xt 

n. 

n. 

AnnKB... 

-Bfl 

.« 

.•II 

.xi 

i.aji  .Tfil   .SI 

.2} 

,1S 

.T.I 

.M 

.«      .44J    .« 

'■"'!'"'l  ■'" 

.»|... 

.as 

,2: 

■'■ 

RAiNrAiJ^. 

Botte ... 

^  Logan 

ftW  Tellowtitone 

adena 

'Mugfltrm      - 

Average  rainf aU  _  _ 


5.24  I  ]'i,S7  1ft.23  !  14. .r) 

.  13.  M  '  11.(11  '  i.vM  !  ifl.na  ft..-)T     h.t: 

I  21.03  I  20.T7  I   ir>.fi3  IT.IMI  ■■.-..»!      Hl.Tit 

i;t.(r.    i.'i.;[H    lo.ir.  '  17.1i)  '  11. 7"    11.112 

,    17.110      lIl.fiH  I   11,77  I  IH.OS  I   111.04       7..12 


fi.  4fi 


I  14.11 


15.!!2 

ir>.«9 


^^P  STRBAU   XEAdtTRKStENl^    IN  1!)91.  [i 

Rainfall  and  run-off  in  Upper  Miesouri  River  Biufn— Contmoed. 


.«.l™. 

■— 

««. 

18B7.       me. 

™. 

IRIL 

«, 

sus-orr. 

9.02 
3.81 

IS.  66 
5.34 

18.34 

9.00 

6.71 
17.66 

9.2»     g.oo 
3.06      4.09 

S.7i 

Jffferson  at  Sappingtoii 

Miwtoiiri  at  Townsend 

West  Gallatin  at  Salesville  . 

■t.QO      S.00 

15.71    ao.'w 

lB.fll 

i(.n 

AVeTa^^  nm-off  ^ . 

10.03 

G.39 

9. 45       B.TS 

9.65 

i(],* 

Percentage  of  rainfall " 

eo.iM 

38.36 

00.54     61.38 

\  S4.03 

tail 

WEST   GALLATIN    RIVER. 
mthly  ditcliaryt  of  West  OatUitin  Rtrrr  ii 
[Dminaee  urea,  tto  KqiULrB  loUoi  ] 


UPPSB  MIBBOUBI  BIVEB  DRAINAOK. 


1,^ 

.S 

"K 

bt.t.\ 

TJU 

1 

1 

1 

MOO 

1 

ll 

L 

1 

1 

k 

1 

1 

1 

1 

1 

b 

1 

1 

■i 

1 

1 

1 

1 

1 

1 

1 

y 

y 

1 

1 

y 

1 

1 

1 

y 

1 

Fid.  SB.-D)KhMge  of  Vest  GdlaUo  Blver  nsu  ealMrflle,  Mont,  UOl. 

UADISON  RIVER. 

XtUnutted  numthiy  ditcharge  of  Madiaon  River  near  Red  Bluff,  Mont. 

[Dmliuise  trot.  X.ffiB  nqnare  mllca.] 


Total  In  acre- 

Bun.«. 

Ktmtli. 

Hul- 

Ulnl- 

Heui. 

feet  par 

,s 

1901. 

"i.ioe 

al,106 

"1.106 

i.e.w 

5,085 
3,857 
2,013 
1,500 
1,475 
1,475 

i,5ie 

"1,475 
1,936 

68,005 
61.424 

68,00n 

116,  .509 
312,664 

190,750 
123,774 
95.930 
87, 709 
80.695 
90,308 
90.0B5 

0.58 
..M 
.53 
.94 
2.44 
1.61 
.97 
.75 

.71 
.78 

Pril 

V 

2.375 

5,400 
2.400 
1,900 
1,475 
1,475 
1,6G0 

1.000 
2.82.'-. 
2,400 
l.ftlO 
1,475 
1,475 
1.475 
1,475 

1.05 
2.82 

^ 

ngnit 

Member 

*>ber 

1.12 
.86 
.79 
.83 

toamtwi' 

.83 

1,40,5,434 

.88 

a  Approximate. 
'an.-Oa«B  bitebtB  and  dbobarrB  maumrameiita  for  1901  k 
'  VliplfaUt  i>llv  t*bJ*  on  pBK*  ITDotiune  paper. 


I  riven  In  Watar^opplr  Paper 


ISO  erBKAii  XBABUBnmnB  a  lan. 

JXrPBltSOIf  UVBR. 

MiMmiatdmiMtUKdimiiargtt^JtgtrmmaioeratSappbiglon, 


April  . 
JUy.. 

Jime.. 
Jvlr- 


5,9U 


S,S75 


t,9Sl 

S,7M 
1,187 


OeMm.... 


lloTW.— OM*  Iwllhl*  mJ  JUnlw  n»  a 


Ko.'n,  paca  It;  lattos  labia  od  pass  ITO  at  a 


u,an  - 

UMHO  - 

MOO  - 

wnu  - 

4,a»  - 

can  - 


■ 


7  f^cpko 

1 

FlO,  3>,— DiBchmrge  o(  JeffereoD  Blver  M  SapplnKton,  ICont.,  UOL 


^ 


UPPSB  MiaSOITBI  BIVKB  DBAINAOB. 


MISSOURI  RIVER. 

Eglimated  monthl]/  discharge  of  Miaatmri  Rirrr  near  Townitend.  ilimt. 
[Dninaa*  arM,  IISDO  aqnara  mllo.] 


Dtacharg"  Id  BB 


Id-feet. 


ToUl  In  mm- 


Ran-olt. 


uwy 

nary 

!eh __ 

..          10.320 
85.880 

A  IVLI 

e                                       19.  ^W 

put _ 

tember 

1    1,800 

2.020 

rember 

The  year 

32,880 

6,liTB 
9.206 


Z.'Ha  4.  MO 
7,875  1.5.030 
5.600       9,085 


2,6.34  ' 
2,l>fi5  I 


361.793 
349.689 

924.007 
540,50.1 
1C1.837 
93.523 

lai.Toa 

lftl,9.5N 
17«.-13ft  , 
.Wi.flH2  I 


4.2Ti>,n:ift 
ire  Ktvi-u  In  Wati^r-«u|i|ily  Papor 


TT  fl  TT  TT  TT  TT  TT  TT  T^ ''T' TT  TT 


no.  n.—DlacbMrgo  of  UlMonri  River  ni 


r  Towvwni&,')bnA.,^SI 


MILK  RIVER. 

Betittialnl  monVUg  itUclntrge  vf  Milk  River  af  Hanrr,  iloiit. 

IDntange  kru,  7,300  •qoare  inil«.  ] 


1901. 
Mftrcli  10-80.... 
April 

May---  

Jnly  - 

AngnBt 

September 

October 

November  .  _  _  _ 


».H0 
1,S40 


IS.  198 

39.844 

3S,»06 

11.314 

1,723 

3.333 

B.042 

4,760 

■  T 


a  Id  W»t8r-Sni)pli-I'«C 


YBLLOWBTONE  RIVER. 
Ettimated  monthly  ili»cltarge  of  Yellowstone  Ricer  nea 
[DrkiUBge  area.  3.M)  Bqaare  mllea.] 


Totalln>cn> 
foot 

Biu»>l. 

It 

Monti. 

Kul- 

mum. 

HlDl- 

Heu. 

feet  per 

"SET 

00, 

1901. 

"1,100 

"1.000 

1,264 

1,480 
1,318 

5,534 
3,107 
a,  248 
1.926 

"1,300 

e?,038 
5S.587 
77,720 
68,003 
74,892 
608,608 
S40.273 
101,043 
183,706 
118,436 
04. 780 
73,785 

D.3I 
.38 
.3S 

.43 
.34 
3.86 
l.M 
.87 
.68 
.54 
.45 
.34 

(in 

a 
1(1 

March  _ 

April 

May  ..__  

Jane _ _. 

July.   -- 

Angnat __ 

1,880 
S,OS(l 

i8,a&o 

8,075 
4,400 

1.000 

1,36a 

2.665 

8.330 
3,590 
2,440 
3,050 

1,750 

a.  050 

The  year 

3.659 

1,925,075 

Id 

^ 

n  AiiproilmAte. 

NoTt—Uaife  heights  and  aiepWrgBHiaiMiTenieiiijii  tor  ■^ 
Ko.  as,  pAge  ifi;  MtlDg  labia  qb  (ASH  MO  at »™«  \*V« . 


ttPPXB  ICtSSOnKT  RIVBB  DSAIMAOB. 


MAV    1  JUNV 

'Si 

AUO. 
10  ?0 

SEPT 

OCT. 

NOW. 
10  «) 

bit. 

dh 

\ 

1 

1 

1 

il 

ll 

\ 

■ 

\ 

L 

\ 

\\ 

- 

"' 

a 

If 

\ 

1 

1 

1 

1 

I 

1 

1 

1 

N 

/> 

7lO.  W.— Dtehu-KS  of  Telloirsbma  Blver  nwr  I.Iviii8«bm,  HudI.,  IDOl. 

JWJMotal  motUMy  diadiarge  of  Bighorn  River  near  Thermopolit,  Wyo. 


Jnly.... 
Aogtut  . 


DlKbuve  In  second-faet. 

Mazt- 

HlQl- 

M«ii. 

17,810 

3,980 

10,118 

14,750 

5,840 

8,739 

6,880 

4,800  ;    5,«8fl 

4,410 

1,990      2,616 

8.530 

1,550 

2,107 

ITars.— 0*g*  halglita  and  dlKhu^  m 
Ka  M,  pass  S;  ratliic  tablB  on  pace  ini  ot  wme  in 


632,133 
1520,007 
361,016 
179, 39H 
135,376 


imenlaCor  IMJl  are^Teu  In  WntoisSapiily  Papor 


SecoDd- 

ttwtper 

Depth 
lii<-h«. 

1.31 

1.48 

1.07 

1.19 

.73 

.88 

.36 

.43 

.36 

.39 

■STEEAM  MEASUREMEKTS  W  1flW. 
BIG  SIOUX  RIVER. 
nMtithiy  diteharge  of  Big  .Sioiu  Bipit  nmr  Sioux  fWU,  fL  Dot. 


IDnbugem 


I.  4.UU  sqiurp  milsB.] 


ittno. 
Angiwt  10-31,  _.. 


DtHcbU'ite  In  eecond-feet. 


Ootolnr 

November  I - 


At«iMitl-3, 11-Sl.. 

S^tember 

October . 

November 


1,047 

(i.om  \ 

1.M7 

•  OM  ' 

a.7«T 

.010 

l.flSS 

.oirt 

555 

1 
.ooa 

B.IOT 

.022  ■ 

0.990 

.038 

PLATTE  EIVEK  DRAINAGE. 

Platte  River  rises  on  the  eastern  slope  of  the  Rocky  Moiintains  in 
Wyoming,  Colorado,  and  Nebraska.  Its  headwaters  are  eit«nsivelj 
ntilized  for  irrigation,  the  must  important  drainage  basin  in  Colorado 
being  that  of  South  Platte  River  which  traverses  a  region  iinequaled 
in  the  United  States  for  the  extent  to  which  intensive  farming  h»» 
been  developed  there  by  irrigation.  As  in  previous  years  the  greater 
number  of  river  stations  maintained  in  the  Platte  Basin  are  loc>it«d 
on  South  Platte  River  and  tributaries  in  Colorado.  New  station! 
were  established  during  the  j'ear  1901  at  Medicine  Bow,  Wyo.,  on 
Medicine  Bow  River,  a  tributary  of  the  North  Platte;  at  Mitchell. 
Nebr.,  on  North  Platte  River,  and  at  Kersey,  Colo,,  on  South  PlatI* 
River.  The  station  at  Mitchell  replaces  the  one  previou,sly  main' 
tained  at  Gering,  Nebr.,  it  being  situated  nearer  the  Wyorainf 
Nebraska  State  line  and  therefore  of  greater  value  in  determining  the 
flow  at  that  point.  Observations  were  discontinued  atOivhard,Col0.i 
on  South  Platte  River,  and  the  station  moved  to  Kersey,  where  it  is 
believed  better  results  can  be  obtained.     A  detailed  report  on  th.« 


0 


FLATR  Bivm  BBAnr^ox. 
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)  River  drainage  in  Cokwado,  togetlier  with  a  resome  of  all  the 
ble  records  of  flow,  is  contained  in  Water-Supply  Paper  No.  74, 
)  Water  Beeonrces  of  the  State  of  Colorado,  by  A.  L.  Fellows. 

NORTH  PLATTE  RIVER. 


noted  monthly  discharge  of  Medicine  Bow  River  at  Medicine  Boy,  Wjfo. 

] 


Montfa. 


WBcbmrge  in  aeoaiid-feet. 


Xinf- 


Bnn-off. 


Total  in 
faet. 


feetpar    ^^ 


1901. 


iber 


1,920 

1,«50 

272 

45 

17 


«940 


850 

45 

6 

8 


4  t 

98 

17* 

16 


57,798 

58.136 

5,903 

1,045 

952 


1.04 

1.09 

.11 

.02 

.02 


1.20 

1.22 

.12 

.02 

.02 


aAppixizinuite. 

-Oage  helglits  and  discharge  meamiremeiits  for  19Q1  are  giyen  in  Water-Supply  Paper 
age  96;  rating  table  on  page  170  of  same  paper. 


Hmated  monthly  discharge  of  North  Platte  River  near  Ouemsey,  Wyo, 

[Drainage  area,  16,243  square  milee.] 


Month. 


1901. 


Discharge  in  seoond-feet. 


Maxi- 
mnm. 


Mini- 
mum. 


Mean. 


b  .. . 
iber 


10, 435 
'  13,217 
I  13,880 
i  5,532 
'  1,070 
'        420 


682 
5, 930 
5,400 
1,070 

420 
80 


2,066 

8,589 

9,154 

1,899 

706 

316 


Rnn-off. 


Total  in  acre- 
feet. 


122, 936 
528,117 
544, 701 
116,765 
43,410 
18, 803 


Beoond- 

feetper 

square 

mile. 


0.13 
.53 
.56 
.12 
.04 
.02 


Depth 

in 
inches. 


0.15 
.61 
.62 
.14 
.05 
.02 


— Oage  heights  and  discharge  measurements  for  19U1  are  given  in  Water-Supply  Paper 
lage  27;  rating  table  on  page  170  of  same  jiaper. 
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HTUKAH    MKASLKEltENTS    IN    1901.                        [Mifll 

BiK^n. 

s^ 

ss 

I0»| 

X 

wm 

- 

1 

1 

HMWn 
UHU 

■.won 

- 

- 

- 

- 

- 

- 

. 

1 

1 

J 

1 
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■ 
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i 

1 

f 

£ 

7 

L 

i 

1 

■k 

i 

k 

V) 

/>1C9.'      f 

J 

«>-Ulir|ii 

TtP  -r  NortU  PtatW  River  i.«r  Guem«)-,  Wjd..  lUOI                      1 
dinrkaryf  of  North  Plaite  Bivtr  at  Jfttehett.ilMr.         J 
[DnlusB  sriM.  M.WD  Mmua  mtlw.]                                                  1 

Total  In 
•cr»-fti«i 

Rntoft 

Month- 

ss. 

Hlol- 

Ueu. 

8f 

fS 

IBOl. 

June  B-30 ,. 

Jnlyl-30 

Angmt  18-31 _.,   .. 

a«ptambeT 

October -- 

530 

310 
2S!> 

7,S14 

3,303 

398 

33S 

384 

337,884 
96,  *M 
10,315 
19.160 
23,611 

.8M     0.9 

.om    .on 

.018       .01! 

.oia     .ois 

.on       .oil 

HOTB. 

Ku.m. 

-A 

1* 

*. 

bo 

igh 

til 

IM 

labi 

m 

BtTonln'Wkto 

p««lriw 

PLATTE   mVEB   DRAINAGE. 
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SOUTH  PLATTE  RIVER. 

ated  monthly  discharge  of  South  PlcUte  River  at  Denver,  Colo, 

[Drminage  »reA,  8,840  BqnAre  miles.] 


Diaduurge  in  seoond-feet. 

Total  in  acro- 
feet. 

Run-off. 

3ntli. 

Mazi- 

Mini- 
mam. 

Moan. 

Second- 

feet  per 

aqnare 

mile. 

n  06 

Depth 

in 
inchoH. 

901. 

343 

343 

806 

1.131 

1,036 

186 

186 

318 

343 

118 

118 

35 

343 

51 

35 

13 

118 

313 
317 
341 
516 
553 
715 
350 
366 
316 
04 
78 
384 

13.  OOTy 

0.07 

12,053           .06 
14,818  1        .07 
30,704  1        .13 
34.003           .14 
43,545           -1ft 

.06 

.08 

.15 

• 

.16 

1,886 

.21 

575 
611 
433 
318 
186 
841 

15,810 
32, 443 
12, 858 
5, 657 
4,384 
14,888 

.07 
.10 
.06 
.03 
.03 
.06 

.08 

.08 
.13 

.07 

.03 

.03 

.07 

ear 

1,886            13          807 

222.092 

1.11 

1               '     '    ■    i 

:e  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
f;  rating  table  on  page  171  of  same  paper. 

mated  monthly  discharge  of  Bear  Creek  near  Morrison,  Colo, 

[Drainage  area,  170  square  mil«w.] 


onth. 


Dischargo  in  Hocond-foet. 


Maxi- 
mum. 


901. 


Mini- 
mum. 


Mean. 


I  Total  in  atrro- 
feet. 


Run-off. 


Serond- 


f«Gt  iM-^r    ijj 


Depth 


132 
168  , 
187 

96 
190 

51 

29 

21 


11 
93 
93 
24 

18  I 

18  i 

13 
9 


r>4, 

116  I 
114  I 


40  ! 
22  I 
20  • 
15 


3,213 
7, 132 
6,784 
3,197 
2. 459 
1 .  309 
1 .  230 
893 


H<iuur<< 
mih). 

inrhoH. 

0.32 

0.  36 

.68 

.78 

.67 

.75 

.31 

.36 

.24 

.28 

.13 

.15 

.12 

.14 

.09 

.10 

»  lieights  and  discharge  measurements  for  1901  are  giyen  In  Water-Supply  Pallor 
;  rating'  table  on  page  171  of  same  Tiapeir. 


■ 

'^'TWtEAM    MKAMUBEMBNT8    IK    IflOI.                        i* 

KMim 

{DnUMf -»«.  au -1  w  mllm  1 

iur8-n-. 
Jnlj 


Oototar.... 
Horanbv-- 


SR.8M 
S«,flU 
14,0U 
C,78S 
4.48B 

s,eoB 


Wmlmf 

BW,lSiq«>M«ll* 

■■] 

<d 

1^^«^ 

Bod- 

HODtb. 

Mail- 

Hlal- 

Hon. 

t 
to 

1901. 
April 

119 

2es 

276 
330 
78 
34 

7 
04 
198 
57 
84 
18 

47 
138 
339 
118 
48 
90 

8,707 
7,1>82 
18,837 
7,266 
2,961 

0.88 

i.oa 

1.83 
.M 
.S8 

Jnne -     

Angiwt 

«  giT«n  in  Vrmtnt^aupiit 


PLATTE   SIVEB  DBAINAGE. 
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'Mmated  monthly  discharge  of  Boulder  Creek  near  Boulder^  Colo, 

[Drainage  area,  179  aqnare  miles.] 


Discharge  in  seoond-feet. 

Total  in  aore- 
feet. 

Btm-off. 

Month. 

Mazi- 
mnm. 

Mini- 

Mean. 

Seoond- 
feet  per 
square 
mUe. 

Depth 

in 
inches. 

1901. 

264 

705 

789 

516 

225 

70 

82 

11 

6 

6 

164 

890 

191 

»44 

16 

11 

6 

4 

75 

888 

518 

819 

114 

85 

15 

8 

5 

4,468 

28,857 

80,526 

19,615 

7,010 

2,088 

922 

476 

807 

0.42 

2.17 

2.87 

1.78 

.64 

.20 

.08 

.04 

.08 

0.47 

2.60 

8.20 

2.05 

.74 

er  .  - 

.22 
.09 

&r 

.04 

jr 

.08 

(}age  heights  and  discharge  measarements  fur  1901  are  given  in  Water-Bupply  Paiwr 
jge  88;  rating  table  on  page  171  of  same  jiaper. 

Estimated  monthly  discharge  of  St,  Vrain  Creek  near  Lyons,  Colo, 

[Drainage  area,  200  square  miles.] 


Month. 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


1901. 


©r 


er 


258 
667 
730 
478 
269 
126 
38 
25 


Mini- 
mum. 


4 

148 

304 

196 

87 

25 

19 

4 


Mean. 


102 

337 

490 

301 

157 

59 

30 

14 


Total  in  acre- 
feet. 


6,069 

20,844 

29, 157 

18,569 

9,658 

3,511 

1,845 

888 


«  Bnnoff. 


Seoond- 
feet  per 
square 
mUe. 


0.49 

1.61 

2.84 

1.44 

.75 

.28 

.14 

.07 


Depth 

in 
inches. 


0.55 

1.86 

2.61 

1.66 

.86 

.81 

.16 

.08 


QB4SO  heights  and  discharge  moasuroments  for  1901  are  giren  in  Water-Supply  Paper 
ge  85;  rating  table  on  page  171  of  same  paper. 
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[Mitj 


Etiimated  monthly  dUekarffe  of  Big  Thompmm  Creeknear  Arkint,  CoUk 

[DndDMPe  ueA,  806  aqiiare  miles.] 


Xontli. 


1901. 


May 

Jnne 

July 

August  — 
September 


DiadhBrge  in  Moood-f eet^ 

TVytel  in  acre- 
feet 

J^    J 

Mszi- 
mnm. 

Mini- 

MeML 

Second. 

feet  per 

■qnere 

milB. 

iaeha 

977 

906 

600 

86,898 

1.97 

Iff 

1,148 

090 

859 

51,114 

9.83 

8.11 

975 

995 

680 

89,650 

1.74 

tM 

606 

140 

961 

16,048 

.86 

M 

110 

44 

79 

4,984 

.94 

.S? 

KoTB.— Oege  heights  and  diachnrge  meaenrementa  for  1901  are  giren  in  WtLterSap^j  Pav* 
Mo.  (K,  page  8S;  rating  table  on  page  171  of  same  paper. 

EisiimaUd  monthly  discharge  of  Co/che  la  Poudre  River  near  Fort  Collifu,  Colo. 

[Drainage  area,  1,000  eqnave  milee.] 


Month. 


1901. 
May 

June 

July  1-23 

August 

September 

October  1-15.... 


Diacharge  in  aeoond-feei. 


Maxi- 
mom. 


5,100 
2,449 


510 
294 


Mini- 
ninni. 


619 
1,425 


242 
98 


1,757 
1,956 
885 
337 
152 
119 


Total  in 
feet 


108,084 

116,390 

42,129 

20,721 

9,045 

3,540 


Ban-off. 


»2«f  !lncb» 


I 


1.66 

1.85 
.83 
.32 
.14 
.11 


l.W 
2.06 
.74 
.87 
.16 
.06 


Note.— Daily  discharge  for  1901  is  given  in  Water-Supply  Paper  No.  06,  page  37. 

Estimated  vionthly  discharge  of  South  Platte  River  at  Kersey,  Colo. 

[Drainage  area,  9,470  square  miles.] 


Month. 


May  . . . 

June 

July 

August  ... 
September 
October  . . . 
November. 
December . 


1901. 


Discharge  in  second-feet. 


Maxi- 
mum. 


5, 856 
5,004 
450 
330 
705 
516 
591 
1,155 


Mini- 
mum. 

Mean. 

62 

1,393 

450 

1,820 

290 

314 

290 

296 

290 

895 

370 

456 

450 

526 

540 

903 

Tota<  in  acre- 
feet. 


Run-off. 


a5,653 
108,297 
19,307 
18,300 
28,504 
28,039 
31,299 
55,524 


feet  per       j J 


square 
mile. 


inch*. 


0.15 
.19 
.03 
.03 
.04 
.05 
.06 
.10 


o.n 

.21 
.03 
.03 
.04 
.06 
.07 
.12 


NoTK.—Qage  heights  and  diacYiargQ  measxiT^TavsuV^  1v>t  \SOl  are  given  in  Water-Supply  Paper 
/^o.  66,  pu^o  38;  rating  table  on  page  111  ol  oamei^v^T. 
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BABES  OF  SOrrH  FLA.TTE  BIVKB. 


lie  principal  observations  of  rainfall  made  irithin  the  upper  ba»in 
!>nUi  Platte  River  are  at  the  stations  enumerated  in  the  following 
a,  which  also  gives  their  geographic  location,  elevation  above  sea 


.— LocAttuu  of  r^nbill  Mid  river  st 


a  In  the  upper  b 


inofBonOiPbittnmvi. 


1,  and  length  of  record  of  observationM.  The  relative  locations  of 
points  are  shown  in  fig.  41  in  connection  with  the  pointH  of  river 
snrement,  which  are  locHted  at  Denver,  Morrison,  Korkscreck, 
shall,  Boulder,  Lyons,  Arkins,  Fort  Collins,  Orchard,  and  Kersey. 
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lU 
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1 
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^^ 

Location  of  rainfall  ata 

OiPUtteBlverat 
ion«  in  SouM  Pi 

Me.         '  Latitude. 

iiTBey,  Colo.,  IBOl. 
[ftfte  River  Basin. 

SOtlnDA. 

Count,, 

'- 

8 

l™*«.|bw,«-.  "sa'l 

rl 

,ini< 

F 

- 

■"1.1 

The  fi>Ilowing  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  tli»^  iK^giniiing  of  the  record  and  iDeluding  IW'Ji 
together  with  the  total  preeipitatioii,  by  months,  for  the  years  ISM, 
18H7,  18D8,  1890,  1900,  and  1901,  and  also  the  annual  totals,  lo 
obtaining  the  normal  pn'cipitatioii  the  average  is  taken  for  allof  ihf 
months  during  which  observations  were  made. 
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BaitrfaU  and  runoff,  South  Platte  River  BaHn. 


StatiozL 


BAINFALL. 

Mer 

keniidge 

lerock 

'enne 

w 

out 

Cdllina... 

toy 

ite 

:BP6ak 

ine - 

r  Loaf 

Average 

BUN-OPP.« 

I  Platte  at  Denver  . 
I  Platte  at  Orchard 

Average 

ntage  of  rainfall  . . 


Normal. 

IMS. 

1007. 

16.69 
27.89 
17.60 
12.90 
18.89 
18.58 
14.68 
11.92 
14.71 
16.08 
17.40 
24.78 

17.88 
24.08 
20.44 
20.79 
11.84 
15.01 
15.76 
18.52 
15.49 
16.91 
17.28 
21.87 

21.42 
24.49 
27.55 

17.25 
15.87 
20.82 
15.24 
16.09 
17.72 
15.66 
18.87 
84.12 

17.26 

17.52 

20.88 

1.790 
1.528 

1.480 
.851 

1.659 

1.141 

9.61 

5.60 

1808. 


16.84 
16.29 
22.01 
18.05 
12.98 
17.76 
11.08 
16.48 
18.68 
15.76 
16.86 
25.18 


1800. 


16.44 

1.580 
1.590 

1.585 


9.64 


14.42 
29.41 
14.70 
14.18 
9.88 
18.19 
16.19 
10.79 
18.84 
16.67 
16.58 
22.82 


16.84 


1.780 
1.541 


1.660 


10.16 


IWO. 


17.98 
14.62 
14.70 
16.09 
15.29 
19.54 
19.21 
11.61 
20.06 
18.98 
16.72 
20.74 


1001. 


17.25 
25.80 
14.77 
14.99 
9.10 
17.97 
21.17 
12.22 
16.78 
14.81 
15.89 
25.12 


16.70 

17.11 

8.070 
2.180 

1.110 

2.600 

1.110 

15.57 

6.49 

b  roproaontB  only  the  excess  water  over  the  demands  for  irrigation,  to^rether  with  the 
I  or  aeepafire  waters. 

LOUP  RIVER. 

Ettimated  monthly  discharge  of  Loup  River  near  Columbus^  Ndrr, 

[Drainage  area,  18,&42  square  miles.] 


Month. 


1901. 

at 

mber 

«r 

Diber..... 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

4.681 

2,578 

8,254 

2,748 

1,847 

2,846 

5,902 

1,728 

8,467 

8,048 

(«) 

1,609 

1,825 

(«) 

1,877 

4,776 

1,763 

2,858 

2,647 

1,898 

2,248 

8,867 

1,748 

2,825 

Total  in  acre- 
feet. 


198,626 
144, 250 
206,300 
98, 934 
84,668 
169, 765 
137, 916 
188,942 


Run-off. 


Second- 
feet  per 
square 
mile. 


0.24 
.17 
.26 
.12 
.10 
.21 
.17 
.17 


Depth 

in 
inches. 


0.27 
.20 
.29 
.14 
.12 
.28 
.20 
.19 


\  aeeouBt  of  iM fling  of  the  bed  of  the  rirer  the  \ow-wat»T  flow  ^a  «omsw^a^»'Qsn«l^a^a^ 
i—Oagm  heigbtB  and  dischaiige  measurements  for  IWl  are  gV^em  Vn  ^%\iKt-%Q^E\^  '^«VK 


ll 


STBBAH  lUAaUBElCBirTS  IN  ISOl. 

PLATTE  RIVER. 
EtHmatM  nutnthly  diaeliarge  of  Platte  River  near  Colutnbut,  AVdr. 

[t>nilnBee  arm.  M.Mn  Bquare  mll«.] 

DlschATg?  In  na'oiul-f eat. 


Vmxi-         Wsl- 


iprfl 

May 

Jnae 

July  1-11.. 
Angust  .._ 


October 

Koretaber. . 


38,400 

9,  son 

ia.8rn 


1.300 
3.0(H 

n.noo 


5,900 
9,S63 


33A.MM  I 
5157. 13T 

47.asji 


Note.— Ooge  bxlgbts  hdcI 


a.fnrlSOIiUT  given  fn  Wabir-Snpplr  FW 


Fto.  18.— Dinharge  of  Platte  River  ueBr  ColoinbnB,  Hebr.,  UQL 


PLATm  EIYSB  DBAIKAGB. 
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BLKHORN  RIVER. 

%ted  monthly  discharge  of  Elkhom  River  near  Norfolk^  Nebr. 
[Drainage  area,  M74  square  milee.] 


ath. 


01. 


Discharge  in  second-feet. 


Maxi- 
mom. 


983 
881 
8,438 
2,003 
281 
862 
842 
357 


Mini- 
mum. 


431 
806 
2f0 
215 
149 
142 
308 
319 


Mean. 


648 
489 
1,271 
765 
172 
269 
328 
332 


Total  in  acre- 
feet. 


Rnn«oif. 


Second- 
feet  per 
square 
mile. 


88, 559 
30,067 
75, 6:^0 
47, 038 
10,576  ' 
16,006 
19,860 
19,755 


0.26 
.20 
.51 
.31 
.07 
.11 
.13 
.13 


Depth 

in 
inches. 


0.29 
.23 
.57 
.35 
.08 
.12 
.15 
.15 


heights  and  discharge  measurements  for  1901  are  given  in  Water-Hupply  Paper 
rating  table  on  page  171  of  same  paper. 

ted  monthly  discliarge  of  Elkhom  River  near  Arlington ^  Nebr, 
[Drainage  area,  5,9H0  squaro  miles.] 


nth. 


01. 


Dischai 

■ge  in  seco 

Mini- 
mum. 

nd-feet. 
Mean. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 

Second- 
feet  per 
square 
mile. 

0.18 

Depth 

in 
inches. 

1,335 

833 

1,065 

63,372 

0.20 

2,133 

613 

1,136 

69,a50 

.19 

.22 

4,745 

541 

1,869 

111,213 

.31 

.ai 

3,989 

544 

1,373 

84,422 

.23 

.27 

5:^s 

317 

421 

25,886 

.07 

.08 

705 

300 

514 

30, 585 

.09 

.10 

679 

544 

599 

36,asi 

.10 

.12 

726 

537 

627 

37, 309 

.10 

1 

.11 

heights  and  discha&'ge  measurements  for  1901  are  given  in  Water-Supply  Paper 


Arliu^toii.  Notir..  IWI. 


KANSAH  BIVKR   DRAINAGE. 

Ai*  iti  previouH  yearw  systematic  tiieasurement^  were  carriwi  ob 
<larin>r  I!K)1  at  sevpu  points  in  Iht'  lia«in  of  Kan^aa  River,  the  main 
river  being  gaged  at  Lecompton,  Hnnx.,  and  its  principal  tribulAriM 
being  jraged  at  or  near  their  mouth8.  Kansa><  River  is  the  largest 
river  whidi  rieteN  in  tlie  region  of  the  Gi-eal  Plains  and  prespnH 
together  with  its  nunieroiiH  liiliutaripM  n  typiral  example  of  lir**' 
Plains  drainage. 

REPUBLICAN  RIVER. 


Kuli,, 


•tilhly  ilixeharge  iif  ICejtHblinii 

LDi-alnit)ri>  ana.  HM-  wiai> 


ifityr  near  SupcnVir.  AW"'. 


Di«-hi. 

Se  !■.«>« 

Dd-fwl. 

Total  in  fttTt". 

Roa-otf- 

HuuU). 

Ilail 

Me... 

fwtper 

-safe" 

1901. 

April    

May 

l.BOT 
622 
480 
154 
858 

4.W1 

i,4ttn 

1.030 

087 
146 
117 

5 
10 
385 
313 

B61 
864 
219 
44 
TO 
1,346 
443 
419 

S7.183 
S2.381 
13.031 
3.618 
4,304 
74,143 
87,389 
34.933 

0.043 
.010 

.010 
,003 
.003 
.006 
.080 
.019 

0.049 
IttS 

Jane 

All 

Jnly- 

Angnat    - __. 

.00! 

IM 

November  .  _  _ _ 

.Oil 

KANSAS  StTER  DRAINAOE.  141 

^ed  moMfUy  diseharffe  of  BejnMioan  River  at  Junction,  Kaiu, 


[Dralmgeft 

ntt.»,«3ra>|i»nmll«.| 

Dtaohuve  In  MOODd-feet. 

T«t^«r. 

ith. 

Mftil- 

man. 

HlDl- 

Haul, 

BeooDd- 
fertpm- 

■asr 

0.020 
.036 
.040 
.059 
.039 
.016 
.007 
.002 
.036 
.032 
.018 
.033 

S 

)1. 

570 

1,016 

1,750 

5,010 

1,01S 

610 

450 

110 

8,160 

770 

610 

660 

405 
450 
850 
980 
405 
815 
75 
20 
,30 
405 
405 
4m 

510 
669 
1,030 
1.530 
747 
406 

m 

53 
906 
564 
472 
694 

31,350 
37,154 
63,333 
91,041 
45,931 
34, 159 
10,883 
3,359 
53.011 
34,679 
28,086 
36,634 

6,010 

30 

688 

460.818 

.m 

e  given  In  Water-Bnpplr  pBinr 


7io.  49.— DiiclurBB  of  Beimblloui  Blver  at  Jtmetkai,  Emm.,  UQL 


flTBEAM  KKASURElfBHTS   IN  1901.  I 

SOLOMON  RIVER. 

Eatimutrd  monthly  Aiarharnt  of  Solomon  River  near  XOft.  Kam. 
t,  flJUi  aqnuv  mOn.) 


Hui-         Htni- 


Jannary  ... 
February  .. 

Han-h 

April 

Hay 

Jnly 

Angnst 

September . 
October  _.. 
November -. 
December.. 


The  year 3,030 


5.5M 
4.0WI 
0.»46 
36. 8M 
8,731 
0,343 
1,660 

!,io: 

(4.460 
4.120 
5,881 


KoTK,  — Oaffd  b^lnhto  and  diBchBrtce  imi— ui  emeatii  tor  ISOl  are  gti 

Ho.  at),  page  U;  ratln^f  tiiblu  on  paffe  ITS  of  Mime  paper. 

SALINB  RIVER. 

Eilhiititid  monthly  ilm-liirryf  <if  Siiliiic  River  nenr 
[Dnluo^  arm.  3,311  wjOBremllml 


Jaoiiary .... 
Ffbmary  . . 

AprU 

June  - 

Jnly . 

Augnst.  ,_ 
Sept^mlier.. 
October  . .  . 
Novel  nlxT . . 
Deceiubur  . . 


iu  in  WaterBnpplrTW  1 


DiBcluu-go  In  Boco 

nd-tMt, 

\ss. 

Hini- 
mma. 

Mean. 

Total  lu  av 
feet. 

1 

!         71 

47 

.56 

3..H 

The  ye. 


Wttter.8npply  Paptr 


KAirSAS  BIVEB  DB^IN  AGE. 
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SMOKY  HILL  RIVER. 

mated  numthly  discharge  of  Smoky  Hill  River  at  Ellstnortht  Kana, 

[DnioBge  area,  7,W0  square  miles.] 


Month. 


1901. 

r 

120 
165 

50 

662 

81 

142 

18 
142 

Mr 

142 

IT- 

73 
14 

r 

50 

8  year 

652 

Discharge  in  second-feet. 


Mazl- 
mnm. 


Mini- 
mnm. 


18 

20 

20 

23 

23 

23 

5 

5 

12 

14 

8 

12 


Mean. 


5 


50 
72 
88 
124 
47 
48 
9 
46 
62 
86 
11  ^ 
22  ' 


Rnn-off. 


Total  in  acre- "  g^^^. 

^^^'         ;  feet  per 
sqnare 
mile. 


47 


8,074 
8,999 
2,029 
7,378 
2,890 
2,856 

553 
2,828 
3,689 
2,214 

655 
1,353 


33,518 


0.006 
.009 
.004 
.016 
.006 
.006 
.001 
.006 
.008 
.005 

.oor 

.003 


.006 


Depth 

in 
inches. 


0.007 
.009 
.005 
.018 
.007 
.007 
.001 
.007 
.009 
.006 
.001 
.008 


.080 


hige  heights  and  discharge  measarements  for  1901  are  given  in  Water-Sapply  Paper 
e  46;  zmting  table  on  page  178  of  same  paper. 

BLUE  RIVER. 

iimated  monthly  discharge  of  Blue  River  near  Manhattan,  Kans, 

[Drainage  area,  9,480  square  milee.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Month. 

Mazi- 

Mini- 
mum. 

Mean. 

Socond- 

feetper 

.square 

mile. 

Depth 

in 
inches. 

1901. 

815 
4,082 
3,013 
13,155 
2,325 
1,500 

770 
2,800 
1,010 

590 
1,325 

680 

522 
635 
770 
1,010 
725 
460 
305 
880 
305 
380 
460 
880 

682 

1,471 

1,129 

2,146 

1,152 

828 

478 

775 

511 

470 

590 

498 

41,985 
81,695 
69. 420 
127,696 
70,834 
49,269 
29,084 
47,653 
30,407 
28,899 
35,107 
80,621 

0.07 
.16 
.12 
.23 
.12 
.09 
.05 
.08 
.05 
.05 
.06 
.05 

0.08 

• 

.17 

.14 

.26 

.14 

.10 
.06 

.09 

»r 

.06 
.06 

(T      

.07 

r 

.06 

B  year ---. 

18,155 

805 

894 

642,620 

.09 

1.29 

0    ^VM*    .._..--...• 

lage  heights  and  discharge  measurements  for  1901  are  given  in  Water-SuvvW  P«o«v 
94Bi  rmtlng  taUe  on  page  179 of  same  paper. 


jdr-..- 

Aapat. 


Ortobar.... 
sowniMff-- 


^iM 

U,1U 
10,000 
7,000 

*.m 

0.001 

•,no 

B.O0O 

1,88B 
1,000 


i.no 

1,S10 
4.400 
4,010 
0.001 
0,070 

m 
m 


i,ns 
a.  Ml 

t,IOO 

u,su 

4,717 

s,m 

1,110 

%m 

4,  or 

1.070 


970       8,6TS       2,W8.08a 


00,001 

us,ou 


ioo.n7 

70,714 


ro  gtrtm  ta  W»l»-»iip|4jl 


»r..ft.    ~J*n'     fe    ■     MS       *PO.     W»v     J 

«        JUU-y         AUO          iEPT         OCT         NO-       1 

"       Ihlih 

-A*. 

..i..JH^BL 

"HHin  upiii 

FlQ.  W-^DMbMCgA  «t  Sasmk  Vtrac  *h\Maam#(»,KM«^  ML 


SXREAM  XXABUSEMEIITS  IN  1901. 
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ABKAKBA8  BJYJSB  DUAINJLQUL 

^Arkansas  River  rifles  in  the  central  portion  of  Colorado,  its  head- 
>'t»TB  having  their  source  near  the  summit  of  the  Rockies.    The 
'«r  derives  the  greater  part  of  its  flow  from  tlie  mountainous 
of  Colorado,  its  volume  diminishing  greatly  as  it  approaches 
level  of  the  plains  through  constant  diversion  for  irrigation  pur- 
By  far  the  greater  number  of  gaging  stations  maintained  in 
Arkansas  River  Basin  are  located  in  the  irrigation  districts  of 
o.    During  1901  a  station  was  established  near  Barton,  Colo., 
miles  west  of  the  Kansas  line,  the  records  of  wliicli  will  be  of 
ae  in  determining  the  amount  of  water  passing  from  Colorado  into 
As  in  previous  years,  stations  were  maintained  in  Kansas 
the  Arkansas  proper  at  Hutchinson,  on  Vei-digris  River  near 
lierty,  and  on  Neosho  River  near  lola.    A  detailed  report  on  the 
kansas  River  drainage  in  Colorado,  together  with  u  resum^  of  all 
available  records  of  flow,  is  contained  in  Water-Supply  Paper  No. 
,  on  the  Water  Resources  of  the  State  of  Colorado,  by  A.  L.  Fellows. 

ARKANSAS  RIVER. 

Estimated  mcnthly  discharge  of  Arkansas  River  near  Canyati,  Colo. 

[Drainage  area,  8.060  nqnare  milen.] 


Discharge  in  Hecond-feet. 


Rnn-off. 


Montli. 


i 

r 

F 


1901. 
April 

Jfcy 

^ime 

Jifly 

August 

Beptomber 

October 


Hazi- 
mnm. 


Hini- 
mnm. 


Mean. 


I. 

'  Total  in  acro- 
feet. 


Second- 
feet  per 
winare 
mile. 


663 
8,799 
2,633 
1,912 
1,967 
715 
377 


217 
442 
1.690 
407 
407 
270 
270 


373 
1,681 
2,182 
795 
630 
352 
313 


22, 195 
103, 300 
129,  aw 
48,883 
38, 737 
20, 945 
19,246 


0.12 
.55 
.71 
.26 
.21 
.12 
.10 


Depth 

in 
inchea. 


0.18 
.63 

•  79 
.80 
.24 

•  13 

•  12 


HOTB..— Oage  faeightii  and  diarharge  meaHoremcntH  for  isni  are  given  in  Water-Bapply  Paper 
IKo.  n,  page  40;  rating  table  on  page  172  of  same  paper. 


IBB  75— 02- 


10 


Fia.  tt^Omimrge  (tf  Arksona  Blver  at  Pueblo,  i 


1 


ABKAirSAS  RIVEB  DBAIVAGK. 
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EiHmaied  monthlff  dimaharge  of  Arkansas  River  at  Prowen^  Colo, 

[Drainage  area,  19,100  aqnare  milea.] 


XODtll. 


1901. 


f  - 


3er 


he  year 


Diachai 

■geinseeo 

Mini- 
mam. 

36 

nd-feet. 

Total  in  acnne- 
feet. 

Ban-off. 

Mazi" 
mnm. 

Mean. 

Second- 
feet  per 
■qoare 
mile. 

Dopth 

i£ 
inches. 

120 

60 

3,689 

0.003 

0.003 

103 

25 

U 

3,554 

.003 

.003 

50 

25 

40 

2,460 

.003 

.002 

61 

15 

41 

2,440 

.002 

.002 

2,546 

48 

564 

:J4,  679 

.029 

.033 

6,086 

120 

2, 129 

126.684 

.111 

.124 

658 

36 

176 

10, 822 

.009 

.010 

2. 782 

48 

518 

31,851 

.027 

.o:n 

658 

10 

120 

7, 140 

.006 

.007 

88 

10 

46 

2,828 

.002 

.002 

oo 

36 

59 

3,510  1 

.003 

.003 

120 

25 

55 

3,382 

.003 

.003 

6,''086 

10 

:{23 

233,0:i9  ' 

.017 

.223 

-Oage  heights  and  discharge  meaisarementH  for  1901  are  given  in  Water-Supply  Pai)er 
ige  58;  rating  table  on  page  \Tt  of  same  paper. 

timated  monthly  discharge  of  Arkansas  River  at  Hutctiinson^  Kans, 

[Drainage  area,  84,(WO  aqnare  miles.] 


MoDth. 


1901. 


■y 


yet. 

wr. 
er  . 


Dischai 

Mazi- 
mnm. 

140 

■geinsecr) 

Mini- 
mom. 

nd-foot. 
Mean. 

94 

Total  in  acre- 
feet. 

Ran- 

Second- 
feet  per 
Hqoare 
mile. 

0.003 

off. 

Depth 

in 
inches. 

80 

5, 780 

0.003 

530 

80 

167 

9, 275 

.005 

.oa5 

295 

140 

171 

10,514 

.  005 

.006 

960 

140 

375 

22,314 

.011 

.012 

190 

100 

146 

8, 977 

.004 

.cm 

2,820 

1(K) 

747 

44, 450 

.  022 

.  025 

;        205 

30 

tHi 

5, 103 

.002 

.002 

60 

20 

27 

1,660 

.001 

.001 

'        205 

20 

64 

3, 808 

.  002 

.002 

140 

45 

76 

4, 673 

.002 

.002 

52 

37 

39 

2,321 

.001 

.001 

1          70 

37 
20 

45 

2,767 

.001 
.005 

.001 

2,820 

169 

121.648 

.065 

he  year 

■Gage  heights  and  discharge  measoremeuts  fur  1901  are  given  in  Water-Sapply  Paper 
ige  W;  rating  table  on  page  ITS  of  same  paper. 


HTRRAM    MEAHtlREMEWTS    IN   1001. 


'   rile  I  -AA  I  akU   ' 


I  JUN(    I    JULY    I    AUtt     I    SCfT.  I 


i 


Flu  M.-DtKluu-gi-nr  ArkuuuBlveTKt  Bi 

VERDIORIS    RIVER. 
Entiimitnl  miinlhly  lUjirharyr  iif  ViTiiigrin  R> 

I     niH<'luirin-  in  •>«•-< 


Jiiiiiiiiry 
Fclirufiry 
Mitrch 

Miiy  . 

July     . . 

S(.'ptMUlHT 

Oct.)l>er_. 
N()veiiilx.'r 

Tin- 1 


WB9TEBN   GULF   DRAINAGE. 
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NEOSHO  RIVER. 

Estimated  numthly  dincharge  uf  Xetudio  HinT  nrtir  loin,  Kmut, 

[Drainage  arwa,  3.07(1  winan;  mihiH.J 


Month. 


Dlflrbarice  in  w9ond-f«fHt. 


Kiiiw»fr. 


lUzi* 

mam. 


Mini- 
mam. 


j 

tf4rt 


M««n. 


HMrir*n«i- 
rfiil*r. 


fXMith 

ill 
i  nrljiw. 


1001. 


Jamiaiy  . 
Vobmary  . 
Ibffch.  .. 

April 

Iby 

June 

July 

Angnst  ... 
Ssptember. 
October . . . 
Korember. 
December. 


I 


985 

:^.  570 

l.JKK) 

19.250 

1 .  rm 

4, 250 
«53 

142 
58 
TO 
94 


35:* 


1 ,  .>2 

«7H 

450 

HlO 

154 

5S 

10 

10 

10 


.  I _ 


444 

1 .  224 

999 

fi,  WJ9 

1 .  <l«5 

955 

251 

17M 


•>*5 


The  year '  19,25^1  ^ 


10 


:J2 
:J5 

102 


27.  :{^¥i 

«7.97H 
0M2<'» 

iw.mx 

«5, 181 
5^1. 82« 
!5,«1H 

10.915 
«,W9 
2,  rni9 
1 ,  9il4 
2.152 


0.  121 


.  290 
.  200 
.W9 
.048 
.<r28 

.009  ! 
.010 


0. 140 

.:M8 
.:<14 

2.119 

.:m 

.290 
.'IHO 
,  055 

,<m 

.010 
.010 
.012 


7:J2,415        .279      :j,  74:j 


NoTB.— Oage  heightAand  diitcharge  uvrwmnsmttnXn  tor  lUil  ar**  K^iir-'fn  in  Witt<rrHii|i|>1y  ftKfMir 
No.  66,  page  57;  rating  table  cm  paic*^  17;;  of  fiaiij«;  jiaifr. 

WEHTKKX  ciri^F  i>rainac;k. 

During  1901  meaHurementM  wen^  f'otitinii<*«l  on  \\ui  Jii-a/os  River  at 
Waco,  Tex.,  and  on  the  Colorado  Kivur  at  Austin,  'IVx.  KesnltHof 
meaBurements  are  hen;  piiblishf?il  for  thf;  Wa^'o  station  for  thf?  entire 
period  of  obsen'ation,  181*8  to  1001.  A  hydroj^raphie  reeonnaissanee 
was  made  during  the  month  of  DeeenilH^r,  II»oi,  fiy  I'rof.  Thomas  IT. 
Taylor,  of  a  num]>er  of  Texas  .streams,  the  results  of  whieh  reeonnais- 
sanoe  are  publishe<l  in  Water-Suppiy  J'aper  No.  ^I'J,  pa;^es  5s  to  03. 
Descriptions  of  the  prineipal  irri^^ation  .systenis  of  Texas  deriving 
their  water  supply  from  rivei-s  or  wells  in  tJiat  State  are  eontained  in 
Water-Supply  Paper  No.  71,  entithrd  Irripition  Sy.«>tenis  of  Texas,  tiy 
Prof.  Thom&H  V.  Taylor. 

Systematic  measurements  were  kept  diirin<r  1 '.♦<'!  at  fifteen  pip ng 
stations  scattered]  along  the  itio  <rrande  and  its  triliutaries,  the  first 
station  being  at  Del  Xorte,  at  the  liead  of  the  San  Luis  Valley,  Colorado, 
and  the  last  station  at  Pla;:le  Pass,  Tex.  The  stations  along  tlie  [^>wer 
Rio  Grande  are  maintained  hy  the  International  (Water)  Boundary 
Commission. 


150 


0TRSAM  VKABUBXIISHTB  TIT  IML 


[m.% 


The  aooompanying  diagrams^  figs.  50,  51,  and  52,  famish  an  iIlte^ 
esting  graphic  oompariaon  of  the  discharge  of  the  Rio  Grande  neir 
El  PatK),  below  Presidio,  and  near  Eagle  Pass  for  1900  and  1901. 


BRAZOS  RIVER. 

EMmated  monthly  dUcharge  of  Brazos  River  at  Waeo^  Tex. 

[Diminsfipe  area,  80,780  square  milea.] 


Month. 


1898. 
September  14-80 

October 

Kovember 

December 


1899. 

January 

February 

March 

April 

May 

June 

July 

August 

Septeuiber  . 

Oct<)lx.*r 

Noveml)er  .    . . . 
Deceml)er 


Discharge  in  second-feet. 


Mazl- 
mnm. 


1,196 
145 
721 


Mini, 
mom. 


TO, 


10, 

11, 


179 
95 

68 

968 
0R5 
682 
110 

isr) 

106 
750 
076 

600 


95 
61 
61 


76 
61 
96 
96 

40 

668 

1,800 

118 

50 

32 

365 

748 


The  year 77,070 


26 


IJKH). 

January I  9, 620 

February  '  830 

March '  3, 435 


April 

May 

June 

July 

August  -  - . 
Septeml)er 


83,094 
40,218 
35, 095 
10,240 
5, 277 
98,832 


860 

365 

315 

668 

3, 365 

1,322 

1,220 

540 

365 


Mean. 


797 

847 

85 

144 


Total  in 
feet. 


116 

82 

41 

161 

1 ,  457 

11,203 

10, 945 

5:^J 

74 

1.127 

7,582 

2,974 

3.025 


1,914 

615 

791 

15,585 

9, 092 

6,090 

3, 148 

2, 257 

22, 213 


96,874 

21,886 

5,058 

8,854 


7,188 
4,554 
2, 521 
9,580 

89, 587 
666, 624 
672,981 

32, 773 
4, 403 

67, 075 
451,160 
182,864 

2,191,255 


Ban-off. 


0.026 
.011 
.003 
.005 


117,687 

34, 155 

48,637 

927, 371 

559, 045 

362,380 

193,563 

138,777 

1,321,767  ! 


004 
003 
001 
005 
047 
364 
a56 
017 
002 
037 
246 
097 


Hvffk 


Second- 
feetper    ^ 

■2Sr  '^ 


.062 
.020 
.026 
.507 
.292 
.198 
.102 
.073 
.722 


0.011 

m 

M 
.001 

.005 
.003 
.001 
.006 

.(m 

.536 
.407 
.019 
.002 


.277 


.112 


098  I    1.455 


.071 
.  021 

.m 

.566 
.  :«2 

.  •.-*  * 

.114 
.084 
.802 


mjL.} 


WESTBBir  QVUf  DBAINAQB. 


161 


EtUmated  monthiy  discharge  of  Brazos  River  at  Waco,  TVa;.— Contlxmed. 


Month. 


1900. 


►ber... 
amber, 
onber . 


The  year 


1901. 


lary.. 
Tuuy 
jh... 
I  .... 


ist  ... 
smber 
ber... 
naber 
mber . 


The  year 


Dtocharge  in  Beoond-feet. 

Total  in  aore- 
feet. 

Bon-off. 

Mazl. 

Mini- 
mum. 

Mean. 

Second- 

feet  per 

square 

mile. 

Depth 
inches. 

85,876 

1,082 

4,958 

804,548 

.161 

.186 

12,150 

775 

1,826 

108,655 

.059 

.066 

775 

415 

575 

85,855 

.019 

. 

.187 

.022 

98,882 

815 

5,755 

4,151,940 

2. 515 

415 

267 

844 

21,213 

.011 

.018 

616 

221 

892 

21,771 

.013 

.014 

415 

145 

282 

14, 265 

.008 

.009 

1,172 

179 

560 

38, 322 

.020 

.018 

88,017 

76 

8,670 

225,660 

.119 

.187 

18,974 

221 

2,944 

175, 180 

.096 

.107 

267 

61 

107 

6,479 

.008 

.008 

1,126 

68 

481 

89,882 

.022 

.025 

8,100 

61 

662 

26,501 

.014 

.016 

565 

95 

246 

15,126 

.008 

.009 

748 

76 

808 

18,030 

.010 

.011 

267 

76 

186 

8,862 

.004 
.026 

.005 

88,017 

61 

886 

605,241 

.367 

7B.— Gage  heights  and  discharge  measnrements  for  IfiOl  are  given  in  Water-Supply  Paiwr 
(,  page  60;  rating  table  on  page  173  of  same  paper. 
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COLORADO   RIVBR. 

Ettimated  numlhly  diteharyf  of  Colorndo  Hiver  nt  Anntin,  Ttx. 


Fia.  «9.— DIsohargB  of  Colorartn  R1i 


UMm.] 
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RIO  GRANDE. 

Estimated  monthly  discharge  of  Rio  Orande  near  Del  Norte,  Colo, 

[Drainage  area,  1,400  square  miles.] 


Month. 


Discharge  in  second-feet. 


Hazi- 

mnm. 


Mini- 
mum. 


1901. 


ary  . 
nary 
ih... 

I.... 


ut  ... 
snber 
tier... 
mber. 
mber. 


The  year 


1,784 

289 

4,479 

1,468 

2,764 

1,149 

1,063 

884 

600 

820 

895 

258 

820 

228 

Mean. 


O800 

«900 

«500 

710 

2,570 

1,782 

594 

464 

446 

262 

288 

866 


806 


Total  in  acre- 
feet. 


49,190 
49,988 
30,744 
42,248 
158,028 
116,036 
86,524 
28,580 
26,589 
16,110 
16,840 
22,504 


593, 271 


Ron-off. 


Becond- 

feetper 

Hqoare 

mile. 


«0.57 

«.64 

«.36 

.51 

1.84 

1.27 

.42 

.33 

.32 

.19 

.20 

.26 


.58 


Depth 

in 
inches. 


«0.66 

«.67 

«.40 

.57 

2.12 

1.42 

.48 

.88 

.86 

.22 

.22 

.80 

7.80 


a  Approximate. 

s.— Chige  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
^  page  66;  rating  table  on  page  178  of  same  paper. 

Estimate  monthly  discharge  of  Rio  Orande  at  Cenicero,  Colo. 

[Drainage  area,  7,095  square  miles.] 


Month. 


1901. 


ary  . 
nary 


lat  ... 
mber 
jer... 
mber. 
mber. 


The  year 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

594 

594 

594 

594 

414 

581 

774 

107 

365 

1,044 

107 

278 

2,664 

1,224 

1,680 

1,854 

236 

1,032 

236 

22 

82 

142 

31 

60 

58 

43 

50 

79 

43 

54 

142 

43 

72 

414 

142 

337 

2,664 

22 

482 

Total  in  acre- 
feet. 


36,524 

82, 267 

22,443 

16,542 

103,299 

61,408 

5,041 

3,689 

2,975 

3,320 

4,284 

20, 721 


Run-off. 


Second- 
feet  per 
square 
mile. 


812,518 


0. 0770 
.0760 
.0470 
.0360 
.2180 
.1340 
.0110 
.0078 
.0063 
.0072 
.0094 
.0440 


Depth 

in 
inches. 


.0561 


0.0890 
.0790 
.0540 
.0400 
.2500 
.1500 
.0130 
.0090 
.0070 
.0083 
.  0105 
.0510 


.7608 


he%htii  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
,  page  05;  rating  table  on  page  173  of  name  jiaper. 
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■•ilhlg  liinrhargr  of  Rio  Grande  at  Knttuido.  .V,  J 
[l>nlBiiC«»nii.  W 


IMmImi 

vahiMNw 

Bd-ABt. 

BdmC 

----lj^[. 

""^ 

Mul- 

Hbl- 

1 

__«.. 

"""^ 

■ff; 

w-    ,«,. 

i">«»n'      

400 

aw 

841 

ao.MT     o.ohI| 

Febraiiry 

OHO 

iUO 

460 

25.  wo         .Ollll 

Mwdi.. 

m> 

8S0 

01» 

81.851 

-OH 

A||ril 

1«^- 

n.m> 

1,700 

8.461 

313,809 

.Ut 

JBM .. 

4.91M 

BSO 

l.TU 

101,990 

.179 

J«iy -— 

».700 

2S0 

aB8 

24.473 

.031 

AngMl...- 

i.4;(t 

800 

45] 

27,730 

.0*1 

Septeinbw 

m 

aoo 

asB 

21,883 

.031 

O'Uiber  - . . 

540 

800 

831 

30,3S3 

.m 

480 

S40 

SS9 

31,882 

,<m 

Dt«™il»r 

500 

860 

428 

36,009 

.«. 

ThB  ynw  -    

o.roo 

aao 

787 

372,  l.-iS 

.J 

for  IWl  uvKtTBD  Hi  WMere^Ell 


Sriiwtated  mtmthlf  diadtarge  of  Bio  Onmde  at  Bio  Ormtde,  1 

[Dtmlnags  vrat,  11,0110  gqiiKre  mllea.] 


Jannuy 

Febmaiy  .. 

AppU 

May 

June 

Jnly 

AngTiBt 

September  . 
October.  _._ 
November. . 
December . . 


010 
1,800 
1,275 
4,040 
8,400 
4,740 
2,980 
8,450 
a.  295 
1,870 


Theyear 8,400 


1,402 
6,194 
2,199 


24,410 

%,54S 

46,024 

S3, 425 
810,907 
130,850 

44,824 

60,850 

84,512 

30,190 

27,491 

28,408 

800,554 
«  gtrva  In  Wkts-OuiiplT 


wnnur  svx.*  rauntAaE. 


%tfd  monthtg  ditAarge  of  Rto  Orande  near  San  Martial,  N.  Mex. 

[Dn^UBgeuvK,  tkjUi:  aqumn  milw.] 


DbalursBlDMOODd-fart. 

•^^r- 

Rim-off. 

fonth. 

■ul- 

KlDl. 

Haul. 

1901. 

80 
200 
80 
0 
a,  880 
eo 

0 

120 

0 

0 

leo 
sso 

841 

458 

346 

898 

4.16.5 

1,616 

964 

1.006 

633 

377 

837 

818 

30,967 
3a,46H 

15,114 

480 
8,560 
8,570 
4,740 
6,800 
3.865 
6.210 
S.8S0 
1,460 

460 

3.56,130       .14M4 
96,178       .0.'i74 
59,aWt       .0341 
65,534       .0;J7« 

17,018 
30,  ai:! 

10,340 

.OOiH' 
.0130 
.0111 

.(132(1 

.0114 

6.000 

0 

901 

ft'iO,  374 

W  hgtKlit" 'Bd  dlKhof^  mauRirenieirtB  for  IMH  ■»  ifivaa  In  WBtvr4)upiily  Paiier 


MiiiKiteil  monthly  dUcharge  of  Rio  Orande  n 

[DnttiWKeai¥a.!»,[WiBqunrmiii1>'s. 


r  FA  PiiMi,  Tnr. 


Dlactui 

Hul- 

■BBlnseoo 
Hlnl- 

ud-feet 

Total  In  HIT.- 
te«l. 

RuD-<>lf 

KUL. 

Hwn. 

r 

1.01. 

80 
270 

410 

3.980 

8.630 

2,480 

3.070 

2,650 

450 

810 

130 

8.080 

0 
0 
0 
0 
110 

20 
0 

90 
0 
0 

40 
130 

5 

81 

60 

0 

2,571 

1.305 

305 

986 

aw 

87 
315 
130 

378 
4,.50:i 
8,009 
0 
1.58.103 
77.0;tH 
13,  .576 
00. 0.-5.5 

3i.oa5 

5,836 
13,818 
7,003 

i 

0.0003     0 
.0027 
.0016 
.0000 
.0857 
.0433 
.0068 
.0829 
.0118 
.0029 
.0073 
.0043 

0988 
0483 

0078 

0183 

^ 

0080 

lyear 

0 

490 

868,968 

.oie« 

8TBEAM  HBASUBEMEHTB   IM    1901. 


Fiu.  rm.-Dliuliar^  ul  lUu  Umude  uimrEl  Puw,  Tei.,  191l>-1901. 
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utted  monihiif  ditduurge  of  Rio  Grande  near  Fori  Hancock^  Tex, 


Month. 

Diichftrge  in  aeooiid-feet. 

Total  in  acre- 

MaThnnm. 

Minimam. 

Meui. 

feet. 

1901. 

0 

0 

0 

0 

2,680 

2,710 

1,250 

1,770 

1,800 

630 

1,000 

450 

0 
0 
0 
0 
0 
0 
0 
0 
0- 
0 
30 

0 

0 

0 

0 

1,742 

1,015 

67 

622 

241 

04 

210 

0 

0 

0 

0 

107, 127 

60,417 

- 

4,126 

88,221 

14, 321 

5, 752 

12, 476 

40  i            123 

7,736 

2,710 

0 

343 

250,176 

jvmmm      -..^..  ..--..  ......... 

age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pajier 

n. 


ttimated  monthly  discharge  of  Rio  Orande  above  Presidio,  Tex, 


Mcmtfa. 

Discharge  in  second-feet. 

Total  in  acre- 

MaTlmnm. 

Mlnimnm. 

Mean. 

feet. 

1901. 

0 
0 
0 
0 
1,370 
1,620 

0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

770 

731 

187 

462 

453 

185 

• 

157 

81 

0 

0 

0 

0 

47,326 

43,478 

830  '                0 

8,450 

1,270 
1,780 

970 
1,020 

130 

10 
80 
0 
80 
60 

28,423 

• 

26,936 

11,365 

, 

9,322 

4,979 

year 

1,780 

0 

248 

180,279 

J *■'•"*  --  — 

1 

ige  heights  and  discharge  measurements  for  ISOl  are  given  in  Water  Supply  Paper 
72. 


flTRKAM    MXAeVBRKKTITS    IK    IM)I. 


Edimatrrt  mintlhls  ititiehnfyf  of  RioOmndr  lirltne  Prr^tUit,  Trjr.  (inWudiij 
Jloie  of  t'fmchut  Hirrr). 


re 

IbBM 

■M,      .      , 

—  ■ 

ita^ 

UM. 

aw 
im 

MB 

M 

i,a» 
i.saa 
s,4n 
*,u« 
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htm 

4» 

U0 
IN 

M 

n 
n 
w 

n 

8M 

•U 

an 
an 
aa» 

in 
au 
us 

41 

7M 

ns 

an 

i.m 

i,aM 

i.an 

H* 

an 
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IbfT 

Joir 

S,«H 

10 

778 

:   eriM   I-SAl^EAAK. 


ft. 

*5 

t. 

■UM 

:-;':i!|i5  K'?:  KISISIRSI 

1 

1  ' 

1 

i 

- 

.'9r< 

1 

1 

1 

1 

l> 

1 

1 

1 
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; 

'< 

'f 

m 
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1 
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1 
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II 

1 

i 
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1 

1 

k 
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■ 

■ 

Fro.  n.-DlBrluirKe  "t  Rio  Grand?  tH-lxw  Pn-«i<U«,  Tra.,  ia»-IWll. 


^H  STUKAU    MEASL'KKMKNT8    IH    19U1.  I 

Bttintatmi  truintkljf  liiaeAarge  of  Rio  Orande  near  Langtr^,  Ter. 


Jiuinary . . 
Fehmary  . , 

March 

April 

May 

June 

Jnly 

Angtwt 

September  . 
October. .- 


December. - 


8.9D0 

s.aoo 

8,S1I) 
8.030 
14,700 
6.  ISO 
3,610 


000 

XM 

sw 

ia.m 

837 

38.a» 

435 

%.» 

i.ina 

71.M 

1,«5 

«.IH 

1.314 

m.-x 

2,wn 

i4i.ns 

3.418 

a».» 

I.MIO 

ti<.w 

1,8(17 

81,» 

WS 

aa,m 

um 

*T0,« 

ta  tut  1901  am  glrsB  In  Water-Sapplr  Pufff 
E»lima1i-(i  monthly  ilim-hiirge  iif  PfciM  Riivr  near  Moorhetul,  T.v, 


1001. 

Jannary 

February 

March 

April 

May 

Jnly 

Angnrt 

Sc^itember 

October 

KoTember 

December 

The  year 


3,690 
1.300 


31.  M) 
S1.M 


1S,1U 
SO,W 
49.  m 
77.0J8 
34.MI 
».M 

46.sn 

457,  Ml 


M  for  imarfl  gireB  ta  VaMr-Bnpiilr  P»V 
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tated  monthly  dis^uurge  of  DeviU  River  at  Devilariver,  Tex, 


Month. 


1901. 


Discharge  in  second-feet. 
Maximnm. '  Minimum  .        Mean. 


Total  in  a(;re- 
feet. 


840 
840 
830 
750 
670 
670 
750 
670 
700 
520 
520 
510 


ir 


840 


810 
750 
720 
670 
660 
580 
570 
500 
510 
520 
510 
480 


480 


801 
748 
685 
665 
604 
583 
556 
529 
520 
515 
489 


62: 


51,074 
44,489 
46,017 
40, 760 
40,919 
;i5.921 
35. 841 
34,215 
31,478 
31,974 
80, 664 
30, 069 

458,421 


heights  and  discharge  measnrements  for  1901  are  (dven  in  Water-Supply  Paper 


ated  monthly  dincharge  of  Rio  Grande  near  Devihriver,  Tex. 


Month. 


1901. 


Gir 


DischarKo  in  secon 
Maximum.  1  Minimum. 

d-feet. 
Mean. 

Total  in  a<!ro- 
feet. 

2, 330 

2,160 

• 
2,277 

140,033 

2,870 

2,120 

2, 260 

125,497 

'         2,570 

1,920 

2,180 

133.964 

2,070 

1,620 

1,719 

102, 288 

3,610 

1 ,  750 

2, 189 

134,588 

3, 770 

1 .  950 

2,669 

158,816 

5. 250 

1,830 

2, 452 

150, 783 

6,  (XK) 

2,650 

3, 907 

240,218 

34,280 

2, 490 

5,863 

348, 873 

1 1 . 500 

2, 630 

3, 938 

1          242, 122 

5,  IHO 

2,969 

3,897 

231,888 

3, 350 

1 

2,360 
1 ,  620 

2, 748 
3,008 

168, 992 

34, 280 

2,178,062 

heights  and  disiThargo  measurements  for  1901  are  given  in  Water-Supply  Pax)er 
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COLORADO   SIVEB   DBAINAGE. 


'■■"wiiiirr  w  "^  'w  "HI 


■  FlO.  SB^Dlsclurgo  at  Rio  aramlo  nuar  EnitU'  Biib,  Tui.,  laW-lUOl. 

COLORADO  1UVP:K  IHtAINA<iK. 

'OtiHidemblp  hydrographii'  work  was  oiirricd  mi  in  Ihc  luisiii  nf 
lorado  River  diinii^  Die  Held  scasuii  uf  1!H)|,  Systi-niiilii' siri'ain 
HfliirementH  were  iiiHdi' iit  all  lli<'  Klalioiis  niniiitniix-il  iliirinn  llii> 
ice<liDg  year,  with  the  i-xi-optimi  of  llic  slation  mt  (Tjaiid  Itivi-r  at 
ind  Junction,  Colo.,  wliicli  was  aliandoncd.  New  slalions  wi'i-c 
ablished  duriuu  the  year  al  t'mig,   Cola.,  on  Yuuiiia  River;  at 


^^^^^m  STHKAM    MEASUBEHKNTi^    IN    lUOI. 

Meekep,  Colo.,  on  Whil*  River;  at  Wtiit«water,  Colo.,  on  6unni80«| 
River;  near  Livingaion,  Ariz.,  on  Tonto  Creek,  and  on  Salt  Riv-ec, 
rtlMJve  the  mouth  uf  Tonto  Creek.  The  latter  two  stations  were  e&lab-: 
llnhed  in  coiiuection  with  lui  investigation  into  the  water  supply  for] 
the  pro])otie<l  rwervoii'  on  Salt  River.  Similar  investigaiioiift  weiC' 
iroiiduetwl  on  Ver<J«  Kiver  during  I90I.  A  detailed  report  of  iIihW' 
invt^sti^ntinnM  troutaining  plans  and  estimates  of  the  proposi>4l  damaj 
lias  l)een  published  in  Water-Supply  Paper  No.  73,  entitled  '■Water; 
■SlorRge  on  Salt  River,  Arizona,"  by  jVrthur  P.  Davis,  under  wliowt 
direction  the  work  was  carried  on. 

Regular  measuremcutB  were  resumed  at  Greenriver  station  un  Grwai 
River,  in  Wjoming,  which  Ktation  had  been  discontinued  in  Murch o(j 
the  preceding  ye«r.  The  station^t  established  on  Duohesne  Kiver  ami' 
tributaries  during  the  fall  of  18!l9  by  C.  C.  Habb,  in  connection  wilhi 
his  surveys  fur  a  wal«r  supply  for  the  Uinta  Indian  Reservation,  were 
maintained  during  lOUl,  Resultsof  this  investigation  an*  given  ebe- 
whore  in  this  r«?port. 

Two  more  investigations  >¥ere  carried  on  in  the  Colorado  River 
basin  during  tho  Held  season  of  1901,  one  iMung  a  pi'oject  for  divert- 
ing water  from  Gunnison  River  into  the  valley  of  the  Uncuuipahgre 
Kiver  for  irrigating  purposes,  and  the  other  consisting  of  a  reooa- 
naJssanee  of  Lower  Colorado  River  for  the  purpose  of  discovering 
dam  and  reservoir  siteis. 

GREEN    RIVER. 
Exlimatril  monthly  rlixcharge  of  Qrecn  River  at  Greenriver.  Wyo, 

IDralnoeear^a,  T.4fil>iiqaaniinUeG.] 


1    DtKhuKetnarcond-faat. 

■^^r- 

Bim-i«. 

Month. 

HbiI- 

M^-         U™. 

■SSST  "^ 

1001. 

1 

April  ... 

3.B80 

500       1,835 

78,843 

0.18       0.» 

May    - 

13,410 

1,762       S,753 

415,236 

M  '    l.a 

June . _ 

10, 3U 

3,40,'i       5,410 

332,274 

.7S,      .«■ 

Jnly 

4,302 

1.84S      3,751 

169,153 

.SI        .0 

Aofrnat  . 

2.455 

005       1.411 

86,758 

.IS         X 

September 

mv, 

500  '         683 

37,607 

.M        .» 

•M  tor  UMl  B»  Btron  In  yit,iBr-&aetltTW 
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UINTA  RIVER. 

timaied  viOHthly  discharge  of  Uinta  Riwr  mttr  WhUcnfcktt,  Utah. 

[Diminage  area,  SIM  iiquaiv  mileH.  ] 


Rnn-off. 


Month. 


cnanrf*  in  ■  #^.^ 


8ooond-fwt 

pi^rwinari' 

mile. 


1901. 


BT  . 


jr. 


«year 


«14<) 
«140 
"150 
"179 
«(VH4 
«  mi 
"251 
"242 
«198 
"l(Ui 
«142 
«147 

"282 


H,(J08 
7.775  ! 
9. 223 
10.0.51 
42.05« 
21.124 
15,4:^) 
14.880 

11,484 

10, 022 

H,4r)0 

9.  (K)9 


168, 747 


0.«4. 

.ft4 

.«9 

.82 

3. 14 

l.fUJ 

1.15 

1.11 

.05 
.07 

1.07 


I)t»ptb  in 
inrhcH. 


0.74 
.07 

.80 

.92 
3. 02 
1.82 

1 .  28 
.9i» 

.m 

.73 

.    t  I 

14.53 


"Approximate. 
>flMre  heigbtn  and  dlMcbarge  meaRuroraents  for  19()l  nrv  (dven  in  Water-Supply  PaiH>r 
re  84;  ratingr  table  on  page  173  of  Hame  paper. 

lated  niontlUy  dittcfMrge  of  Whiterockn  River  near  WhiterockH,  Utah. 

[Drainage  area,  114  nqnare  miieH.] 


Month. 


Mean  di»- 

charge  in 

aecond-feet. 


Total  in  ar"rt»- 

flH«t. 


Run-off. 


1901. 


r  - 


er 


BT 

>r-   - 
16  year 


«  50 

"  50 

"50 

«74 

»  507 

''  1  TO 

'MOl 

"128 

«  95 

*i  75 

«03 

"01 

"119 


KiVMind-ft-et 

lK*r  Kiuari' 

mile. 


3. 074 
-i^  t  t  i 
3.074 
4.403  I 
31,174 
10.051 
0.210 
7.870 
5, 053 
4,012 
3, 749 
3.751 

80,  WW 


0. 44 
.44 
.44 

4.05 
.45 

1 .  57 
.89 

1.12 
.83 
.00 
.  55 
.54 

1 .  05 


Depth  in 
in<*lH»fl. 


0. 51 

.40 

.51 

.73 

5.  13 

1 .  75 

1.03 

1 .  20 

.  93 

.70 

.01 

.  02 

14.33 


"Approximate. 
^nft»  heights  and  diwharg««  incaHummentM  for  IWH  an*  glvt»n  in  Wat4?r-Supi»ly  PaiM»r 
re  M5:  rating  table  on  ]iage  IT:^  of  Hanif  iiaiK*r. 


IM 


STKKAM    MEA8URKMKNTS    IN    19in. 


[so.:i 


Estuitatf^tl  moitthlif  tfiHchargp  of  Viutti  Rit*er  at  Fort  iMichejuiH:-,  Utah. 

:  Druiiiap*  anii,  fCS  Hi|iuir«*  ini]t«4.] 


Mouth. 


IIMH 


Jaimury 

Frlmmry 

Marrli 

A]»ril 

May 

Jiilv 
Ati^riist 

S«']itrlillM'r 
(K'tnlMT 

N<>v«*iiilK*r 


I)LHi'liarK( 

!•  ill  Hwa 
Mini- 

nd-feet. 

Total  in  acre- 
feet. 

Ranx 

jff. 

Depth 

in 

Maxl-    ! 

M<^n 

Becond- 
fe«t  per 

mum.    1 

1 

i 

mum. 

1 
1 

"55ir  '^^ 

t 
1 

1 

"135 

8,301 

0.30      0.3S 

. . 

... 

"la"* 

7.498 

.20        .21 

2!»r, 

1 1 

182 

8,116 

.90 

.ss 

1S4 

H7 

117 

6,963 

.17 

..11 

l,.V2<> 

21 H 

1,188 

73,047 

1.77 

1(H 

4s."i 

1S4 

261 

15, 531 

.» 

.44 

201   ' 

97 

140 

8,608 

.» 

.94 

2. 12<» 

H7 

168 

10,380 

.» 

.9 

1S4 

97 

121 

7,200 

.13 

.» 

1H4  . 

97 

116 

7,138 

•17 

.    .M 

i:^7 

HH) 

117  1 

6,968 

.17 

.19 

"130 
"330 

7,998 

.19 

.52 

167.681  . 

.34      4.«8 

Tli«»  v»'ar 


"  Apprtizlmato. 
NoTK.    <fu^'«-  hi'iirhts  iiiid  ili!4(*Iiiiixe  moaMarementn  for  19l»l  are  K^ven  in  Watt»r-.Siii»i>ly  Pai»T 
Xi»  •!«■•.  i»jiu'«-  >•»:  miiiiir  tubh'  i»ii  ]iii^ri?  174  of  Hamo  ]>aper. 

Kstiiiitittti  innntlilu  ilisrlmnji'  nf  l^inta  Rivt'r  ttf  (hirnt/  Seh(h>J^  Hah. 

.  l>niiiimfi'  ar*-*!.  W7  >«iuaro  rail**.**.  ] 


l)i*»<"lij;n;i'  ill  s»H'i»nrl-fr«'t. 


Run -off 


.Mi.ntli 


IIHH 


Jainiarv 
Fi'bniaiy 
Manrli 
April  . 
May 

• 

Jnlv. 
August 
St^l)t<'in]M'r 
(  H'tolwr 

Dec't'iiilHT 


Th«'  vi'ar 


Maxi 

IIIUIU. 

MiTii- 
iiniiM. 

Moan. 
"  1 20 

Tot«l  in  arn'- 

f«H't 

• 

7. 379 

Serond- 

foetper 

square 

mile. 

Depth 

in 
inches. 

'       0.13 

0.14 

.  .  . 

"  120 

6,f5«4 

.12 

.12 

U2 

:i« 

7, 18« 

.12 

.14 

lol 

U2 

11« 

0.902 

.12 

.13 

X.  !.")(» 

215 

i,i:u 

«9,911 

1.18 

i.sfi 

:)H>< 

isi 

:J09 

18.8S7 

.32 

.36 

lir2 

.'i.^ 

114 

7.010 

.12 

.14 

ir,;{ 

52 

ir>4 

10,084 

.17 

.»> 

192 

100 

121 

7.  200 

.13 

.1') 

1^1  ; 

lov 

128 

7, 503 

.13 

.1.: 

1 12  , 

110 

120  ' 

7,498 

.13 

.1.) 

1 

1 

-  - 

"  115  ' 
"  22M 

7,071 

.12 
.23 

.14 

102. S02 

8.  IS 

"  Ai»i>roxinmt«'. 
NoTK.    liiiiH'  li«'ii;hts  \\\u\  \W^v^\\\x\i:\^  u\^nv-^v\vo\^^v^\\lA  Cor  19()1  ani  Kiv«*ii  in  Wat«T-Sui)]»l>  V-^V^ 
Mn.  fii't.  jMiift'v^r;  r.ititiK  ta\>\«'  tm  vui-tf*'  VA  v>\  s;uv\x' vvvv^^y . 


B.     DUCHESNE 
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Etiimaied  monthiy  disehatye  of  Lake  Creek,  UtaK  near  tnouth, 

[DndnAge  area,  475  aqnare  miles.] 


Month. 


Meandla- 

rharaeln 

■econa-feet. 


1901. 


Totalin  acre- 
feet. 


jr 

jr  -. 
r .._ 

eyear 


"100 
«132  I 
"1/272  ' 

«2riO 
"255 
/1 144 

"132 

«112 
«110 

«271 


5.841 
5,270 
6.149 

7,aV5 
78,212 

15,372 
15,079 
8, 509 
8.116 
6,664 
6.764 

197,581 


Bun-off. 


8e(*(ind-feet    rw^*».  j„ 


0.20 
.20 
.21 
.2H 
2.68 
1.17 
.53 
.54 
.30 
.28 
.24 
.23 

.57 


0.28 
.21 
.24 
.31 
3.09 
1.31 
.61 
.62 
.33 
.82 
.27 
.27 

7.81 


'iA])pi*oximat4>. 
}age  heights  and  dischange  mwuttirementH  for  1W)1  aro  (riven  in  Wat4.«r-Hnpply  Paper 
?e  HK  rating:  table  on  page  174  of  same  paper. 

lied  monthly  discharge  of  fhtch&tne  River  at  Price  road  bridge,  Utah, 

[Drainage  area,  i!,74H  wiuare  miles.] 


DiHrbarge  in  M>c4md-feet. 


I 


Rnnoff. 


Month. 


Maxi- 

mnm. 


1901. 


Mini- 
mum- 


Total  in  arn?"  ;  a^..,„A 
Mean.  .  '™j!l^        in 


"ssr  '»-'"•«• 


jr. 
r  .- 

e  year 


1,193 
0. 075 
2,x(V> 
910 
950 
4()H 
439 
355 


2TH 
247 

i.n>3 

S7() 
40H 
313 
202 

27S 
27H 


^  I 


"280 

"  280 

2H9 

498 

3.169 

1 .  4H5 
597 
45;i 
307 
322 
316 

'«300 

691 


17,217 
15,550 
17,770 
29.  (W3 
194,r<r>4 
SS.  364 
36.  7(W 
27,854 
1H,26H 
19,799 
18,H()3 
18,446 


503, 266 


0.10 
.10 
.11 
.IH 

1.15 

.54 
oo 

.16 
.11 
.12 
.12 
.11 


0.12 
.10 
.13 
.20 

1 .  33 
.60 


.18 
.12 
.14 
.13 
.13 

3.43 


'(Approximate. 
Hge  heightH  and  diH(*har»;o  ni<iiHur«*menta  for  19111  art*  given  in  Water-Snpply  PaiM*r 
:e  uih  rating  tabl«*  on  i>fitc«'  174  of  H'inu*  imiier. 


Itftt  8TBSA1I  MBASDBEHENTS  ZM  1901.  I 

A8HI,EY  CREBK. 

TIiiK  otreHin  drains  an  nriM  in  uortheastern  Utah  directly  eMtrf 
the  I'inta  River  drainage.  It  flows  southeasterly,  entering  ^tei: 
River  altout  25  miles  below  the  place  where  the  latter  stream  ctomI 
the  StaU-  line  Itotween  Colorado  and  Utah.  About  7}  miles  above  tt» 
town  of  \'enial  the  creek  leaves  itA  mountainous  area  and  eaten 
what  in  known  ait  Vemal  Valley.  This  valley  in  appruxtinatelf  iO 
iiiileH  long  and  :i  miles  wide,  its  boundaries  being  nharply  defined  b; 
the  foothillrt.     A  large  portion  of  the  valley  has  1>een  taken  up  tf 


i-H 

ff«,. 

/ 

L 

^' 

^ 

^ 

r 

^ 

^^ 

-J^SiiiJ. 

^ 

h 

i 

^vSv 

-^ 

^a>y 

v^ 

\ 

1 

1 

\\ 

\ 

P 

■i-ii' 

V. 

\ 

I 

1 

\ 

^ 

\ 

T.*.S. 

-A 

1 

"^ 

^ 

V 
\ 

h 

Flu.  Ui.—Cuul  system  of  Ternal  Valley  Utah. 

nhiti-  sellli'rs.  and  jt  <-<insi(l('r)ible  arreage  is  now  under  enltivrttiim 
Dii-ou^h  in-injiliim. 

There  iiro  three  |ii'inoii>»l  eiiniils  in  use.  Upper  Ashh'j-  eaiuil,  on 
the  west,  built  in  ISMiJ.  covers  11,3011  acres.  The  stook  of  Ilie  fom- 
pjiny  is  diviileil  into  1,1:.'0  shares  of  a  face  value  of  $25  i>er  share.and 
each  sliare  is  foi-  wjit<'r  to  irrijrate  10  acres.  During  the  census  year 
l!i()()  tlie  fireii  in-ifiate.i  nndiT  this  cnnal  was  l>,5(X)  acres.  Central 
Ashh-yeniial.on  (lie  west  .side,  hnilt  in  IKSO,  covers  S.40()  aere^s,  7,iXI0 
aci-es  of  which  were  irrij,'jite(i  in  llHHi.  Each  share  is  for  auffieieol 
water  for  I'li  acres  and  i.s  worth  *;.iO.  or  «IL'..'»0  per  acre.  Rock  ?<'inl 
cannt,  on  tlie  east  s'uAi?,,  U\u\v  u\  \Aftvi,  ^-^wis  alraut  :;,<MH)  a<Ti's,  1.4i"' 


vwB^]  OOLOBADO   RIVER   DRAINAOK.  1(>9 

kcres  of  whiHi  wen*  irriKHUHl  in  IIHK).  Tho  Ht(N*k  of  tli<»  (*i>iiipaiiy  is 
livided  into  250  KliarcH  of  »  (m^a  viiliio  of  $1(>  ikm*  shiin',  aiiid  <ni<'Ii 
ihare  is  for  waU^r  Huflicieiit  for  7J[  acn's.  Theix'  uri*  a  iiuml»er  of 
(mailer  canals  lower  down,  the  principal  one  ))ein^  known  avs  Island 
litch,  whioh  controls  fMK>  aen?«,  MX^  acres  of  which  wen*  irri«rat4^<l  in 
ihe  census  year  1  ftOO.  The  stock  of  the  various  canal  coni|mnie8  is 
private  property.  A  farmer,  if  eutithMl  to  a  certain  amount  of  water, 
is  not  suppose<l  to  rent  or  otherwise  dispose*  of  any  iM>rtion  of  it,  but 
it  is  often  the  case  that  he  diM's. 

By  a  de<Tee  of  the  district  court  dateil  NovemlMM*  17,  1S!»7,  the 
waters  of  Ashley  Creek  an^  <Hvi<led  as  follows:  rpjK^r  lrri;i:ation 
Canal  C-omimny  (Upi)er  Ashley  canal),  jy  of  one-third  of  the  <lis(*hai*);e; 
Ashley  (Vntral  Irrigation  Canal  (-onipany,  '^^  of  ont^-thini  of  the  dis- 
charge; Rock  Point  and  other  canals  (Tnion,  Turner  cS:  Dcxlds,  Island, 
Steinacker,  and  Colton),  3  5"of  oni»-thinl  of  the  (lis<*harps  and  (in^n 
Kiver  interveners  the  rtMnain<h»r.  In  aeeonlanee  with  this  hill  the 
water  commissioner  onlenMl  all  canal  eompanies  to  install  weirs  so 
constnictcMl  as  to  bring  the  water  to  a  (luiet  stat4»  OO  feet  alntve  the 
weirs.  A  weir  *M)  feet  wi<le  was  pla<»ed  in  the  river  alwjve  the  head 
of  all  canals,  and  weirs  of  th<*  following  dimensions  were  onl4're<l  placeil 
in  the  canals,  the  sum  of  the  wi<lth  of  the  weii-s  1mm ng  approximately 
the  width  of  the  river  weir: 

Weirn  on  Ashicff  <  'reek  ranah. 

^pper  Aahley  canal ...     . .     

Centnd  Ashley  cmial.  ixicludiug  (jrriM'ii  River  intrrvoinTs  (."i.T.")  inches) 

and  dedncting  Golt4m  canal  (H.T<>  inches)  

^nioii  canal ...  .... 

Tttner  &  DoddB  ditch  

Uandditch . 

Steinacker  ditch     

Bock  Point  canal  . 

Odton  ditch  (decree  of  court  ^2:^^*  <1*-**<1  fr«»in  C'ciitrjil  Ashley  canal  .;'- ) . 

The  two  Ashley  <;anals  and  tin*  Ko<»k  Point  canal  are  the  only  ones 
iQaintaining  weirs.  They  an»  of  Mu»  n»ctaiigular  type,  so  <M)nstru<*te<l 
ttat  each  has  two  end  contractions.  No  alti^mpt  is  ma<le  to  nieasuiv 
ttie  quantity  of  water.  When  the  <T<»(»k  is  at  its  low(»st  stages,  and  it 
becomes  necessary  to  divide  tin*  water  among  the  <*anals,  the  How  into 
^bem  is  so  regulatiMl  that  exactly  tin?  same  height  of  wat4»r  is  per- 
**litted  to  imss  over  <»aeh  weir,  tlio  regulation  stake,  which  is  lovel 
■^ith  the  crest  of  the  w(»ir,  iM'iiig  placed  a  short  distance  al»ov<».  As 
'H©  lengths  of  the  weirs  <*orn*sj)ond  with  Iheeourt  dern»(\s  the  amount 
^  water  is  supi>osed  to  1n'  in  th<'  required  ])roportion.  On  account 
^t  the  end  contractions  of  the  weirs  of  the  two  Ashl(»y  canals  aiul  the 
^*ock  Point  canal,  thost*  ditches  do  not  rec(Mve  tlu*  sam<^  proportion  of 
•^Hter  for  varying  heights,  as  the  reduction  of  l<*ngth  for  (»nd  (Mmtrac- 
^lons  is  a  function  of  the  height  of  t  he  water. 


Ft. 

In. 

\) 

10.4 

U) 

.47 

7.11 

11.5-2 

17.41 

8. 52 

5 

H.79 

12.21 

170 

Diirinfi;  tlw  flood  Hl-a|i«n  of  Uil-  tri^k  iiiort-  water  pafisc-s  dovo  il  Uuu 
tli«  <-analK  chii  cftrrj',  and  therefotp  n«  attempt  is  tben  aisde  lo  djride 
tho  water.  It  m  only  when  lower  Htage»  of  the  cre«k  are  reacheS 
that  the  wat(>r  iit  diviiliMl.  No  head  gates  are  maintainetl  in  thf 
c-Hiialn,  the  flow  being  regulated  by  jilacing  or  removing  rocks  in  the 
rough  flam — an  iinsatiBfactory  iiiKthod,  of 

Tho  iirineipal  catiaht  of  the  valley  were  measured  twice  daring  IWO, 
once  in  May,  when  the  crock  was  in  flood  and  a  considerable  aniounl 
of  water  waB  iiasaing  all  canals  and  wasting  into  the  stream  belov. 
The  measurements,  therefore,  show  approximately  the  niaximun 
capaoitj'  of  the  varirtus  dit«hes.  A  second  series  of  meaaiireiuenU 
was  made  in  August,  when  the  ereek  was  at  a  low  stage  and  after  llw 
wat«r  hod  bi-en  divided.  The  following  table  o^mtains  the  resnlt«of 
the  measaremenU)  mode: 

Vitelurgf  pua»ur*mei*U  in  Vernal  FoIIev,  Utah. 


— : 


Ashler  Cntsk   

Upper  Ashlef  cwwl . . 


k  Point 


nml.. 


h)..  '  Stelmu'liorfanBl 

.  ei    AKhlify  Creek 

>o  . . .  I  Upper  Ashley  canal . . . 
>o..  Central  Ashler  cBlul.. 
k) .  .    Rock  Pnlnt  ouifti 


m 


.'  Oaein^c.bttfan. . 


The  population  of  Vernal  Valley  is  6,000.     There  are  38,000 
of  land  on  the  valley  tax  rolls,  only  26,000  acres  of  which  are  i 
ditch,  acoi}i'ding  to  the  Twelfth  Census.     The  following  data  are  takei 
from  the  same  authority: 

The  amount  of  laud  irrigated  in  1900  was  17,471  acres.  TTie 
age  cost  of  a  water  right  in  the  valley  is  93  per  acre,  and  the  animal 
exist  for  maintenance  is  15  eent«  per  acre.  An  acre  of  land  withoirt 
water  is  valued  at  til.25,  but  as  soon  as  it  is  placed  under  ditch  and  is 
assured  a  good  water  supply  the  value  increases  to  #30.  The  lengtli 
of  the  irrigation  seasoo  is  six  months — from  April  I  to  Octol>er  I 

The  records  of  the  flow  of  Ashley  Creek  at  the  gaging  station  in  Ih* 
canyon  for  the  season  of  lliOd  showed  a  total  discharge  of  50,225  acre- 
feel.  The  combined  maximum  capacity  of  the  canals  of  the  valley 
is  35U  second-feet.  May  was  the  only  month  in  1900  in  which  then 
WHS  more  water  than  the  canals  conld  carry,  as  the  average  discharp 
for  that  month  was  478  second-feet,  or  an  excess  of  128  second-feet 
The  latti'r  auiount  represents  an  excess  of  7.870  acre-feel.  Subtract- 
ing tJjj^  /iiitvual  trum  the  lolaX  discharge  ot  the  liver  lor  the  pt^rwd 
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A  leave  48,355  acre-feet,  the  amount  of  water  which  approximately 
tt spread  over  the  an^a  irrigates],  17,471  acn^s,  duriiip:  IIKN).  This 
^aaveraf^  depth  of  2.S  feet. 

Ehe  discharge  of  48,355  acre-feet  for  the  six  months  represents  a 
isn  flow  of  133  sec*oii<l-feet,  or,  expressed  in  other  terms,  the*  <luty 
"waterwas  1  8eeond-f(M>t  to  131  acres.  The  autumn  is  the  season 
low-water  stAges  for  the  stn^ams  in  this  vicinity.  The  princii^il 
kjiBof  the  valley  are  alfalfa  and  oats.  In  the  lower  jMtrtion  of  the 
Uejr  seepage  water  is  now  ap^M^aring  in  the  river  channels  and  is 
log  used  for  irrigation  purposes,  thus  inen^asing  the  duty  of  water 
tbat  section. 

Fhere  is  a  voluntary  ol>server  of  the  Weather  Bureau  at  Vernal, 
10  has  kept  a  continuous  record  for  liv(\  years,  th<'  mean  annual 
Bdpitation  for  that  period  iM'ing  'J. 38  in<*hes.  The  precipitation  in 
W  was  8.41  inches,  and  the  mean  teniix»rature  40  degi*e<»s.  Then»  is 
well-define<l  niiny  seas<m,  but  the  principal  rainfalls o<*(Mir  in  June 
Jnly.  The  snowfall  is  generally  light,  the  air  usually  dry,  and 
ong  winds  are  infre<[uent.  The  soil  is  a  sandy  loam.  The  mlnei'al 
ionrc%s  are  said  to  he  excellent  in  the  surniunding  mountains, 
posita  of  gold,  silver,  and  copjier  lx4ng  worke<l  to  some  <»xtent. 
al  is  also  foun<l  near  b}',  and  s<nn<^  deix>sits  of  uintaite  of  the 
^haltnm  series.  Transportation  faciliti<^s  are  [XKir.  The  railnmd 
reached  at  Price,  14<»  miles  distant,  by  way  of  Fort  Duchesne. 
East  of  Ashley  Cre«*k  aiv  two  i)eculiar  streams  of  the  "disappear- 
f "  tyi)e,  known  as  Little  Brush  Creek  an<l  Big  Brush  Creek.  The 
dn  Brush  Creek  enters  (Ti-e^^n  River  3  miles  above  the  mouth  of 
hley  Creek.  The  peculiariij'of  these  two  forks  is  that  their  waters 
tappear  and  then  reappt^ar  at  various  iMjints  along  their  courses.  At 
B  place  Big  Brush  Creek  enters  a  long,  pi-eiMpitous  tunnel  which 
B  been  onl}'  partly  explored,  an<l  in  whi<*h  icicles  and  banks  of  ice 
)  said  to  exist  the  year  round. 

Al8  a  result  of  a  number  of  reports  upon  certain  curious  conditions 
id  to  exist  in  the  basin  of  the  Drv  Fork,  a  Iributarvof  Ashlev  Cre<*k, 
leconnaissance  of  the  basin  was  made  in  August,  lOoi,  l)y  Mr.  c.  T. 
all,  and  from  his  report  the  following  facts  an*  taken : 
The  Dry  Fork  has  its  source  in  a  lake  in  the  Tinta  Mountains  alxiut 
miles  northwest  of  Vernal.  Its  h^ngth  is  about  2>%  miles,  23  miles 
which  is  in  canyon  varying  in  width  from  Mh)  feet  to  a  half  mile, 
d  5  miles  is  through  a  valley  1}  miles  wid«».  The  general  coui-se  of 
e  stream  is  southeast  and  the  fall  is  heavy,  at  least  150  feet  to  the 
lie.  It  enters  Ashley  Cn»ek  about  s  miles  above  the  town  of  Vernal. 
boat  midwa}*  the  stream's  length,  or  W  miles  northwest  of  Dry  Fork 
i0t-office,  a  gaging  was  made  on  August  2n,  11M)1,  whi<*h  gave  a  di.s- 
large  of  96  second-feet.  Al)out  1,'J(M)  feet  below  that  point  occurs  a 
ml  or  sink  lying  in  a  circular  basin,  whos<*  l>2inks,  except  on  the 
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ii)iKln<nm  niile,  jnf  fnim  7.i  lo  lim  fwt  hiyli.  'I'he  Ktreain  enton  (li» 
juHil  t.hmtiKtt  M>v(^ml  iiil)-U).  It  is  apitarently  ))i3tt4imlfSH,  ai»)  Ihg 
water  in  thi'  liinp-r  «ml  hiu*  a  slow,  cin-ular  matiuii,  but  wh^ihci' till* 
iti  (wUHed  by  th(>  intwining  slreaaift  or  by  nuctioii  fniiii  Im'Uiw  ouiilil  nut 
b<;  d«termm«l.  Thu  only  visiblw  niiMct  froiu  Ilu"  iwol  i»  h  imrni*, 
rucky  ohannt^l  which  has  l)m>n  wii|piK«1,  by  l>liutllng.  in  nn  i-fTnn  In 
inRrc-fiMt^ififlnw.  itwiisi^rryin^abuiil  l<))tf<contl-fMttwhrn  luoiiaumi, 
but  thiK  wAt«<i-  HHnIc  in  a  mili'.  or  IhorenlMiuls. 

Thrw  inilc!*  below  thi"  ikmjI  Ilie  North  Brjinch  enters.  One  luile 
iibov«  ilJt  nidiilh  H  KOfwuii-fwl  wen'  flowiun  nt  tlie  time  of  nie-)i»iinv 
nient,  but  th<«  wiiU»r  vaniKlicd  aUiiiwI.  immediately  iijKin  reaching  Ui» 
main  channel.  Sevoii  niiU-i*  Ik-Iow  tlie  [mhiI  are  locate*!  s«ronl 
H])ring«,  the  upper  ami  lai^t'^l  biding  a  bole  S5  feet  in  diameter. 
This  Npring  wan  perfectly  dry,  but  the  lower  ones  were  sending  oat 
3:i  wcond-feet.  A  resident  in  the  Dry  Fork  Hettlcmeiit  sinee  1871 
KlaU'd  that  only  one©  Itefore,  to  his  Itnowb^lge,  had  thoAe  siirinirs  fnr- 
nixhod  wnter  hUkt  tli«  subaidenre of  the  usual  apring  fn>shet.  It  wae 
aluo  stattxi  that  owiiig  l<i  roctmt  rainn  thf  Htreant  aI*ove  the  i»oiit  was 
hfyher  than  uitiial.  Two  inilv^  b«ilow  the  springs,  al  the  winymi'* 
mouth,  are  located  two  dil^dion,  but  they  had  earned  no  water  tar 
aeveral  weeks.  The  strwani  l)ed  was  dry  from  the  heads  of  llw 
d!t4-hea  ia  ita  mouth,  a  distanoe  of  o  miles. 

About  2511  feet  above  the  mouth  of  the  Drj'  Fork  a  (raging  of  Ash- 
ley Cwek  ahowed  i:J2  secoud-feet.  Abont  -WW  feet  lielow  the  luouth 
of  the  Ory  Fork  the  discharge  was  128  seeond-feet.  A  closer  elii«t 
than  this  would  probably  l>e  impossible  in  view  of  the  rather  roua^i 
c'haiwter  of  the  creek's  bed.  One  mile  below  the  Dry  Fork,  at  the 
regular  gaging  station,  a  discharge  of  154  second-feet  was  found. 
The  increase  shown  here  is  due  to  a  dit^-h  diverting  water  from  Uw 
east  side  of  Ashley  Creek  a  short  distance  aliove  the  month  of  tbe 
Dry  Fork  and  returning  the  water  to  the  creek  again  above  the  gag- 
ing station.  Two  small  ditches  carrying  a  total  of  3  second-feet  are 
taken  out  of  Ashley  Creek  between  the  Dry  Fork  and  the  g>^n^ 
station. 

The  Dry  Fork  Valley  comprises  atmut  1,000  aci-es  of  arable  land, 
all  of  which  is  under  cultivation.  Hood  crops  are  raised  through  its' 
of  spring  tloo<l  waters,  but  much  better  results  could  l>e  obtaine«l  i«J' 
a  more  certain  supply.  However,  a  very  small  portion  of  the  flow  o( 
the  stream  would  suOice,  leaving  a  large  amount  which  could  lie  iimhI 
to  excellent  advantage  in  Ashley  Valley.  The  visible  supply  in  il» 
two  branches  of  the  Dry  Fork  on  August  31  was  104  second-feel,  i<f 
which  amount  33  sccond-fect  found  its  way  into  the  ditches.  A  fliiiw 
7  miles  in  length  would  carry  the  water  belowall  known  sinks,  Vihen 
it  could  be  turned  back  into  the  stream  and  l>c  subject  t«  only  il» 
oauitt  losses  from  seepage,  etc.     Eveu  if  30  per  cent  weiv  lost  in  trun^ 
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ttiniated  monthly  dittcharge  of  Salt  River  near  McDowell^  xiriz. 

[Draina(pu  area,  0,2HO  Hquare  milee.] 


Month. 


Discharge  In  Hocond-f eet. 


Mazi 
mum 


Mini- 
mum. 


Total  in  acre- 
feet. 


85,788 

134,517 

100, 494 

37,895 

16,972 

ft  9, 350 

ft  22, 711 

11,420 

8,816 

11.218 

11,185 


RuU'Off. 


Second- 
feet  per 
square 
mile. 


0.09 
.39 
.26 
.16 
.05 
''.02 
ft. 06 
.03 
.02 
.03 
.03 


Depth 

in 
im;heH. 


0.10 
.41 
.30 
.11 
.06 
ft. 02 
ft. 07 
.03 
.02 
.03 
.03 


n  No  observations  made  from  April  80  to  June  1 .  ''  Estimated. 

ige  heights  and  discharge  measurements  for  1901  are  given  in  Water-8upply  Paiwr 

loe. 

GILA  RIVER. 

'stivuited  monthly  discharge  of  Oila  River  at  San  Carlos^  Ariz, 

[Drainage  area,  13,455  square  miles.] 


Month. 


1901. 


year 


Disttharge  in  seco 

nd-feet. 

Run-off. 

Maxi- 
mum. 

1 

Mini- 
mum. 

Mean. 

Total  in  acro- 
feet. 

■ 
Second- 
feet  per 
Mjuare 
mile. 

Depth 

in 
inches. 

0.0171 

1,330 

1 

110 

199 

12, 236 

0.0148 

'     2,080 

450 

1,079 

59, 925 

.  0802       .  0S:i5 

j     1,070 

155 

446 

27, 423 

.  03^32       .  0383 

155 

5 

53 

3, 154 

. 0039       . 0044 

8 

5 

5 

307 

.0(H)4 

.  0(K)5 

5 

0 

=« 

178 

.  0002 

.  0002 

4,200 

0 

368 

22, 627 

.  0273 

.0315 

3, 050 

10 

536 

32. 957 

.  0398 

.  0459 

8, 500 

0 

'W 

250 

14.H76 

.01H6 

.  0208 

l.(K)0 

2 

91 

5,  595 

.0<MW 

.  0078 

680 

1 25 

2*32 

13,805 

.0172 

.0192 

125 

100 
0 

109 

6, 702 

.0081 

.  0093 

8,500 

2B1 

fe  IwightB  and  discharge  ueasuremontti  for  IWV  ar<i  \5iv0TL  Vu  '^^.XAax-'^'o.vv?^  \^a.V=s^ 


DTTEKIOK  UA9LN  BKAINAOE. 

Tnilcr  tliiM  hitad  is  compriwMl  th>>.  Urge  «xt«ut  of  (triil  i-ouiilry  trhiuk 
incladeH  nearly  the  whole  of  N«vn<Ia,  tiie  northern  mid  weslc rti  [)arl» 
of  Utah,  and  Hinall  [lorlions  of  California  and  Idaho.  Having  no 
OQtIet  U)  thf  st'H,  the  entire  iliaina^  of  this  vast  basin  is  l■^^f  mainly 
through  evaiHiraticin  frniii  the  numerous  lakett  and  sinks  in  wliich  Ibe 
wntersof  Ihi;  H  vers  collect.  During  IftOl  meaburemenis  wen;  niadeo' 
the  stntauis  draining  into  atl  of  the  prtnci^jal  laken  of  the  inleriur 
baain,  with  the  exception  of  Walker  River  draining  into  Walker 
Lake. 

In  the  Great  Salt  Lake  drainage  the  following  riven*  weif  nieaann^' 
Hear  River  and  tributaries,  Welier  River,  and  Ogden  River.  In  Ut»h 
Lake  dniinage,  American  Fork,  I'l-ovo  River,  and  Sxtaniuh  Fork.  In 
Sevier  Lake  dminage,  Sevier  River  and  il«  tributaries,  the  San  P'W'l' 
and  the  Salinu. 

Humboldt  River,  draining  inio  IIuml>oIdt  sink,  wtis  meiwurwl  h^ 
four  places,  viai,  near  Elko,  ne«r  Goleouda,  and  near  (Ji-e»na,  onlli? 
main  stream,  and  at  Mason's  ranch,  on  the  Stiuth  Fork. 

Trnckee  River,  flowing  into  Lake  Tahoe  and  thence  into  I'yramKl 
Lake,  is  measured  at  Tahoe  at  the  outlet  of  the  lake,  at  the  CaUf"min-  ] 
Nova<Ia  State  line,  and  at  Vista,  Nev.     Steamboat  Oreek,  a  tribult*f^"  j 
of  the  Truekee,  is  gaged  at  Steamboat  Springs.  j 

Carmin   River,  Ihe  waters  of  which  disapiiear  in  t'arson  sink,  i*  I 
measured  at  Empire,  Nev.     Its  main  tributaries,  the  East  and  W«st  I 
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forks,  are  gaged  near  OardnerviUe,  Nev.,  and  at  Woodfords,  Cal., 
xvBpectively. 

A  number  of  reservoir  sites  were  surveyed  in  the  TriK'kiM*  liiver 
£asin  during  the  season  of  1901.  Descriptions  of  theso  silk's,  t  o^ol  hor 
"With  estimates  of  cost  of  construction  and  of  the  amount  of  land  U)  Ih) 
irrigated,  are  published  in  Water-Supply  Papc^r  Xo.  08,  oiititlod  AVat,<>r 
SStorage  in  the  Truckee  River  Basin,  by  L.  11.  Taylor,  uiidtM-  wiuw* 
direction  the  surveys  were  made. 

The  principal  tributary  of  Honey  Lake  is  Susan  Kiv<^r.  Mt^asure- 
nents  have  been  made  on  this  stream  during  1001  near  Susan villo, 
C!aL,  and  on  Willow  Creek,  a  tributary,  near  Standijsh,  Cal. 


HUMBOLDT  RIVER. 


Estimated  monthly  dutaharge  of  HnmlmUlt  Rim\  near  Elko,  Nev. 

[DraliUMf*)  Hit'u,  2,H44)  Ht^niin'  iiiiliw.  ] 


Month. 


Jamuuy. 
February  . 

Harch 

April 

May 

Jime 

Jidy 

AQgnflt  ... 
September 
October . . . 
Koyember . 
December . 


1901. 


DiflcliarKe  in  MMy^nd-ft^ot. 


Maxi- 
mnni. 


Mini-     I 
mum.    ! 


70 


2,339 

1,121 

374 

K22 

594 

123 

43 

IS 


49 

2«4 

253 

319 

32 

14 


'>2 


10 
10 


5 


The  year 2,:W9 


10 
0. 5 


M<Min. 


RunHiff. 


TotJil  in  in'r»».    u  . ..  .wi 


65 

071 
4H0  I 
295  I 
511  I 
353  I 

50 

I 

12 

0 ! 

H 

9 

10 

2<m 


-.  I 


3,  im 

37. 205 
29,514 
17, 553 
31,420 
21.005 
3. 074 

•  )•>! 

492 
530 
015 

14li,500 


0.023 
.  230 
.  UW) 
.101 
.ISO 
.124 
.OlS 
.(M)t 
.<M)2 
.(M»3 
.  003 
.004 

.  072 


0. 027 
.  240 
.195 
.110 
.  20S 
.13S 
.021 
.  005 
.  (M)2 

.  oo:j 

.  (H)3 
.(M)5 

.  im;9 


Note.— Gage  heights  and  diHchorgu  meumirumeutH  fur  l^Mii  iin*  tcivon  in  Wiit<<r-Siip])ly  Pu]mt 
No.  68i,  page  KH;  rating  table  on  page  174  of  same  iwper. 


■i^^^^l  STREAM    MKASt'KRHKNTS    IN    lml. 

Kitimnlrd   mimthl,/  tliKi-linruK  of  South    Frtrk  nf   Humholilt   Ritvr  ii 
Ranch.  AVr, 

|IJn>inKKniuiiit.l.lllOiiiiiiitii^iiiU«i,; 

DtKharge  in  iwwgMl-fHit.  F 


Jasnary  -  - 
FelnTiaty 
March  -- 
April  .- 

Jiily 

AngnBt  .  -  - 


October 
November. - 
Dec*mbei   . 


Egtlmalfil  nianthlg  ilinchnrge  nf  Hiimbolilt  River 

IDniitiB^e  ana,  li).;»a)  squsiv  mllee. 
Diaslurse  In  second-te 


iirtir  Qtilrwidn.  AVr. 


JlUiiiarf 

Febmaiy  .. 

Harcli 

April 

May 

Jmw 

Jidy 

August 

September 


November. . 


The  year 8, 080 


3,907 
17. tm 
S2.Sfl3 
25.170 
23.488 
lS,43!i 

3,  {151 


.0354 

.OOM 
.0011 


«  ffiren  In  WBtar^npplT  fV 


u.]  INTEBIOR   BASIH    DRAIHAGE. 

Extimated  monthlg  dineharge  of  Hundioldt  River  ntar  Ortann,  Nm, 
[DrftlnasH  arm,  Ill,Hno  Bqnare  mllM.] 


Fra.  ST.— DftolMtrK*  of  Bnmboldt  RItst  mm  Otmiw,  VSvt.,  UOl. 


I 
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ed  monthly  discharge  of  TVuckee  River  at  Netxida-California  State  line, 

[Drainage  area,  066  Hqnaro  miles.] 


Month. 


Discharge  in  Becond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1901. 


Mean. 


Total  in  acre- 
feet. 


3, 
o 

2, 

4, 

o 

*'« 

1. 


»r 


)er 
ler. 


he  year 


1, 


559  I 

435 

280 

505 

370 

505 

194 

795 

559 

559 

613 

194 


4, 370 


2:M) 
247 
732 
613 
1 ,  508 
989 
421 
'M9 
247 
247 
:W3 
247 

230 


314 

1 ,  082 

1 ,  280 

1,476 

2,478 

1 ,  595 

68(; 

486 

472 

470 

469 

445 

938 


Rtm-off. 


«25{S-   :  inches. 


19,308 
60,092 
78, 708 
87,829 
152,370 
94.910 
42, 181 
29,884 
28, 086 
28,900 
27, 908 
27, 347 


677,521 


0. 329 

1.133 

1.340 

1.545 

2. 595 

1 .  670 

.718 

.509 

.494 

.492 

.491 

.466 

.982 


0. 379 

1.176 

1.544 

1.728 

2.992 

1.862 

.828 

.588 

.  552 

.566 

.549 

.536 

13. 300 


-Ckige  heights  and  discharge  measurements  for  1W)1  are  given  in  Wati*r-Bnpply  Pai)er 
ige  112;  rating  table  on  i>age  175  of  same  paper. 

ated  monthly  dinchnrge  of  Steainlxtat  Creek  at  SteamlxHit  Springs,  Nev. 

[Drainage  area,  !£)  square  miles.] 


Diwhai 

Maxi- 
mum. 

50.0 
72.0 
20.5 
11.5 
29.5 
39.0 

'ge  in  seco 

Mini- 
mum. 

_    _ 

3.0 
3.0 
5.0 
3.0 
11.5 
17.0 

nd-feet. 
Mean. 

7.6 
15.6 
10.8 

7.7 
21.4 
29.6 

Total  in  acre- 
feet. 

467 
866  1 
664 
458  i 
1,816  1 

1,761 

1 

Run-off. 

Month. 
1901. 

r 

Se<'ond- 

fwt  per 

sqnan^ 

mile. 

0.061 
.126 
.087 
.062 
.174 

.240 

1 

,  Depth 
'      in 
inches. 

0.071 

7 

.132 
.101 

.069 
.200 

.268 

-Qftge  heights  and  discharge  measurements  for  IfiOl  are  given  in  Water-Snpply  Paper 
ig«  114;  rating  table  on  page  176  of  same  paper. 


^^^^^H^     STRRAH    MKAfllTRKMKinS    IN                              H|| 
^^^^fJt^imatfri  nonthlg  dUrfuirgr  «/  7V»(4w  Riorr  at  %-iMla.  Mtf 

B 

AMMvbi-nMMMMt 

'na.-^ 

B»« 

i*  "" 

Itesl-   1    KUd. 

^ 

J          un. 

1 
1,B(»  .        41« 
4,913          418 

Ml 
1.4M 

40.  M4 
83. 5» 

n.«s7 

8S.117 
131. 8H 
75.156 
26.138 
10. 8W 
10.577 
38,«!» 
83,144 
31,3S7 

o.4as   0.1 

^taA 

iw«-— 

l.W«        "747        1.8W 

awm.:, „ 

** ^ »i 

1,943 

IS 

4*7 
?M 

eu  ,    i.s«3 

14S  1        42S 
138           SW 
9S1           MB 
.     970  '       477 
4S7          S57 

stt       ato 

.»1 
.Ml 
.flR 
.317 
.314 

.m 

J 
.1 
1 

J 

■MiwHw 

BnwAv. ^ 

B.yiK.«^ 

4,*W 

us       we 

US.g()0  1      .M 

Vo.  e«,  pMalU;  imttiw  table  on 

iM««in« 

faUMlMpn-. 

«»  given  in  W 

»t«^«n»lrPl 

Pro.  U.-OlMtMrg*  of  Trnokee  BtTcr  M  TUt>.  H*T. 


i^r^] 
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CARSON  RIVER. 

noted  monthly  discharge  of  East  Fork  of  Carstm  River  near  Oardnerville,  Nev. 

[Drainaire  area,  ^1  nquare  mileo.] 


Month. 


1000. 


ber ... 
amber 
imber . 


1901. 


lary  . 
mary 

a .... 


3. 


Uflt   ..  . 

ember 
»ber .  - . 
amber 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mnm. 


75 
35 


86 

2,267 

927 

927 

3, 162 

2,008 

1,512 

626 

220 

271 

332 


30 
30 


tmber 1,213 


14 

14 

219 

261 

856 

1,141 

313 

85 

85 

102 

122 

134 


The  year 3, 162 


14 


Mean. 


Total  in  acre- 
feet. 


38 
41 
34 


34 
664 
464 
582 
1,822 
1,492 
741 
259 
139 
137 
196 
280 


568 


2,:m 

2,440 
2,091 


Rnn-off. 


Second- 
feet  ])er 
Bquaro 
mile. 


0.100 
.108 
.089 


2,091 

36, 8 

28,531  ; 

34,632 

112,033 

88,780 

45, 562 

16,026 

8,271 

8,424 

11,663 

17,217 


.089 

1.743 

1.21H 

1 .  527 

4.782 

3. 916 

1.945 

.680 

.  365 

.360 

.514 

.  735 


Depth 

in 
inches. 


«0.068 
.120 
.103 


410,107        1.490 


.103 

1.815 

1.256 

1.704 

5.513 

4.369 

2.242 

.789 

.407 

.415 

.  574 

.847 

20.034 


a  Partial  month. 

•ne. — OasTO  heights  and  discharge  measurements  for  1901  are  given  in  Water-Rupply  Pai)er 
(,  page  lOH;  rating  table  on  iiage  176  of  same  paper. 


Ctotolwrl»«. 


JmmuiT 

Fstenary  .. 

Ibnh 

April 

Jane 

Jnl7 

Aognst 

SifiteuMr  - 
October 
Novembpr. . 

Deopmbfr 


faM»w     ° 


1,» 
S.8H 

I,SS0 


1S,«M 
8»,M8 

17,  wr 

8,«ai 

4,786 
2,05* 

A,  018 


LOB 

4.tt 
1.M 


INTRRIOR   BASIN   DBAIHAuK. 


Entimated  nutnthlg  dueharge  af  Cnnuiu  Hin-r  nnir  Empire,  Nri 
[DniOMgn  ami.  tM>  HquBiv  lulkw.] 


liNW. 

' 

er 

nber 

T>rM 

« 

iber 

1 1;( 

08 

IMl. 

' 

<ry 

.1         772  1 

411 

i»ry 

2,470 

40 

1 

..      1,001  1 

47K 

1.430  1 

dsa 

ll.TUl 

&24 

■>.im 

a.-.:! 

..-     I.IIW 

1117 

■t 

2U7 

40 

mbor 

70 

K 

:i.-..«-*a  1 

.0.-^) 

;w.»K4 

.042 

41.IWI 

.7{M) 

i*i.«(in 

2.018  1 

Thi-year 


-,j     m\ 


190 


[M0.W\ 


8TBBA1C  MXAsuBxiaEirrs  nr  iwi. 

8U8AN  RIVBR.  I 

EMmaiedmonikiwdiM^iir^ofSttmnBiverHearSumznvitte^CM,  \ 

I 
mOmimnmOm.} 


XoBth. 


June... 
July...... 

AQglUt  ... 

D0|iusiiiDer 
Octobor .. . 
Nofember 
Deooinbor . 

JuBXuay 
Febroary  . 
Much 

April 

May. 
Jnne.. 
July  . . 
Angnst  . 
September 
October.   . 
Noveml)er 
December . 


IMO. 


1901. 


Dtootaive  te  Moood-f Mt 


18 
12 
11 


470 


MiBl- 


88 
1,070 
770 
780 
590 
156 

24 

13 
9 

16 
101 
470 


The  year    1,070 


11 
10 
10 
11 
15 


197 
184 

168 

15 

9 

5 

4 

I 

10 

11 


I 


81 
18 
11 
11 
17 
47 
60 


48 
808 


871 

430 
56 

18 
10 
6 
10 
19 
61 

140 


BnD'Off. 


Total  in 
feet 


feetper:^ 


twfi*. 


1,669 

799 

676 

655 
1,045 
2,797 
8,689  j 

r 

2,644 

17,105 

22,820 

22,076 

25.825 

8,332 

1,107 

615 

369 

615 

1,131 

1,783 


0.15 
.06 
.05 
.05 
.08 
.22 
.29 


.20; 

1.47' 
1.78  = 
1.77 
2.00 
.27 

.09 ; 

.05 
.03 
.05 
.09 


98,922 


.67 


0. 


1.1 
1,1 

2.31 
.SO 
.10 
.06 


.06 
.10 


.29!      .33 


9.01 


N(»TK.  -  Gagt»  heightM  and  dim-bargo  meaHurementH  fop  1901  are  ^ven  in  Water-Supply  P*I*' 
No.  W,  iMge  116;  rating  table  on  pago  175  of  same  paper. 


-1  IirTBIUUB   BABIN   DBAIHAGE. 

BEAR  RIVER. 
EatiiHalett  moHthly  dumharge  of  Dfar  River  nt  Batthimfh,  Idalio. 
(DisiiUMte  KTCS,  4Jiu>>i(inaremll«H.] 


DlKbKi^o  in  aiviind'feet. 

Run 

iff. 

Month. 

nam. 

MiD|. 

ll«ii. 

tvet. 

fHtpcr 
iulli>. 

,S 

«T 

523 

487 

.J03 

a).92« 

0.11 

0.13 

iMy 

l.«50 

497 

06» 

-■w.nsi 

.1.") 

.16 

h  .    .   - 

l.«.W 

1.070 

1.217 

74.H30 

.37 

.31 

.      3.568  1 

1.070 

I.OIU 

1M!.;W7 

.;m! 

.40 

.-,     2.925  ' 

2.460 

2.72U 

107.014 

.01 

.70 

-,    3,415  , 

737 

1.425 

y4,7i);t 

.;i2 

.36 

...]       7(m' 

400 

41:17 

39.1H4 

.11 

.13 

■at  --- 

..    .'        «4, 

40U 

418 

a.j.  702 

.09 

.10 

■nber ... 

474  1 

400 

4:»i 

2.->.W4 

.10 

.11 

e  K*'""  fn  WBter.Supply  pajwr 


n. 

J«N 

FEa 

APQ 

MAV 

jui-y 

aSo 

-HoT^ 

DEC     1 

Ann 
.Sin 

II 

L 

1 

ll 

I 

1 

I 

■ 

,1 

■ 

I^B 

h 

J 

J 

1 

, 

1^^ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

mK^M 

1 

1 

1 

1 

1 

1 

ria.  m—DlaabMge  ot  Beu  Birar  ftt  BklUxicnniL,  UU^  Wi. 


8TBKAM  lUUaDBBiaCIITJt  nf   UOl. 
BMRMbrf  mimtUf  dtmAargt  9f  Logam  Btotr  near  Logo*,  VUA. 


TsbrouT  . 


April 

"^ 

Jmw — ^ 


Beptamber- 

October   ... 


Ho.  an  imUiv  ikbto  <a  PM*  in  of « 

BMmattd  moniMy  dttriuave  of  BlaektmOh  F^k  at  Hffrum.  Utah. 

Diivhkrin.'  in  ii«oiid-fsflt.  ItniHiff. 


■Inmury. 
Febrnary 
Marcli .. 
April  .. 
May-- 

-Tnly  - . 

Mcjiteuibpr 

November 
Deoember  .. 


IKTERIOB   BASIN    DBAIHAOE. 


montkl]/  diaeharge  of  Bear  River  near  CoUiiuton,  Utah. 


ZrinlNuva  In  aMonil-fnt. 


2.'ttM) 
2.»HU 


4.gjw 
a.  041) 


l,liir>  I 


•2sr  ,'-■£«. 


BUI  ftre  giVHD  la  Wstor-HQiiplr  P*p  a 

WEBER  RIVER. 

Bttifoated  monthly  liiacharge  of  Weber  Riifr  near  Uinta,  Utah. 

[DmlDafce  srea.  I.amaqiuu'o  mlleH.J 


DlarhBrKe  li 


S°S  I  "z"' 


-Oage  hetgbte  and  discbart^  n 

>Se  tS  rating  table  on  pasc  IT*  of  woe  paper. 

UIR  7S—02 13 


n  Id  Water-Snpplf  Paper 


^^^"  STREAM   MEAS0REMENT3   IM    1S»1.  im 

UTAH  LAKE  DRAINAGE. 

Entimated  monthly  dim-harge  of  Spanith  Fork  near  ilaplettm.  Utah. 


tDra 


a.  U>1)  Hinare  aijis  ] 


IWW. 

Jnly - 

AnguBt 

September 
Oftuber 
NovemlHT 
December 

IIKIl. 
January  .     .    . 

February  

March _ 

May .._. 

Jane _ 

jTily   

August 

September 

October 

NoTember.   . 


3.630  I 
8,874  I 
4,408 


in  in  W»l«I^Bopplr  P*!"" 


L.1 
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Etiimaied  monthly  discharge  of  Provo  River  near  Provo,  Utah. 

[Drainage  area,  640  square  miles.] 


Xooth. 


1901. 


ry  - 
ary 


tt 

aber  .   _ . 

sr 

iber  1-16 


Dischai 

Maxi- 
mum. 

'ge>  in  seco 

Mini- 
mum. 

nd-feet. 

Total  in  acre- 
feet. 

Bun- 

Seoond- 

feetper 

square 

mile. 

off. 

Mean. 

Depth 

in 
inches. 

358 

279 

314 

19, 307 

0.49 

0.56 

1,658 

258 

471 

26, 158 

.74 

.77 

411 

302 

;^3 

20, 475 

.52 

.60 

788 

302 

392 

23, 326 

.61 

.68 

2,093 

587 

1,181 

72,617 

1.85 

3.13 

875 

224 

399 

23, 742 

.62 

.69 

240 

224 

239 

14,696 

.87 

.43 

240 

224 

238 

14,634 

.37 

.48 

240 

240 

240 

14,281 

.38 

.42 

302 

240 

257 

15,802 

.40 

.46 

279 

279 

279 

8,854 

.44 

.26 

.— Chige  heights  and  discharge  meaHurements  for  11101  are  given  in  Water-Supply  Paper 
page  UB;  rating  table  on  page  176  of  same  pajier. 

imated  monthly  discharge  of  American  Fork  near  American  Fork,  Utah, 

[Drainage  area.  H6  Hquaro  miles.  J 


Month. 


Discharge  in  HutMrnd-feet. 


Bun-off. 


Maxi- 
mum. 


Mini- 
mum. 


1900. 


It  ... 
aber 
5r ... 
iber. 
iber . 


213 
67 


Mean. 


Total  in  acre 
feet. 


1901. 


ry.. 
Effy 


10-80. 
-18. . . 


07 


43 
34 
34 
34 

34 
43 
43 


54 
34 
23 
23 


07 


♦>7 


07 


:i4 
27 
34 


111 
4.5 
2(J 
26 
30 
29 
33 

34  i 

36 

36 
125 
582 


6,016 
2, 767 
1,599 
1,547 
1,845 
1,726 
2, 029 

2,091 
1,999 
2,213 
5, 206 
20, 779 


Becond- 

feetper 

square 

mile. 


1.68 
.68 
.39 
.39 
.45 
.44 
.  50 


.55 


.55 


Depth 

in 
inches. 


1.89 

8.82 


1.87 
.78 
.45 
.44 
.52 
.49 
.58 

.60 

.57 

.59 

1.48 

5.90 


.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
page  124;  rating  table  on  page  ITH  of  uame  papt^r. 


IM 


MBBAlf  UABUKElUnnB  Of  ISOL 


8KVIBR  RIVBR. 


Aftaatod  wunUkiif  dimkar9§  €f  SaHna  Credt  near  SaUna,  Utak, 


] 


Jamuury.. 
February. 
Ifveh  ... 
April 


1900. 


Diick. 

VsIbmoo 

nd-flbet. 

Ibzl* 

mitf. 

87.0 

15.0 

10.6 

94.7 

15.0 

10.4 

».o 

18.5 

14.6 

88.7 

15.0 

88.0 

BmKdL 


Toteltn 


Second- 
feet  per 
■qnm 
mite. 


^ 


1,805  0.077     tm 

1,068  .076 

806  .0?? 

1,868  .090 


KoTE.— Of  MghtalbrlWIwglTWiia  Watet^Aiiipljr  Pkqier  Ho.68,  page  UK. 

EtHwuMied  wunUkiif  diwekarff§  of  San  PUeh  River  near  Ounnimm^  Utah. 


January 
Febmary  . 

March 

April  7-30 . 

May 

June 

Jnly 

Angnst  ... 
September 
October  . . . 
November . 
December . 


1001. 


POOOPO' 

feet  per 

■quure 

mile. 


_i . 


indM. 


15 
87 

21 


125 

95  i 

71  ' 

25 

15 

10 

14 

18 


The  year. 


125 


9 

12 

9 

16 

0 

18 

85 
92 

51 

65 

77 

15 

45 

15 

18 

10 

14 

14 

14' 

10 

18 

12 

12 

9 

80 

738 

889  ! 

774  ■ 
2,088  I 
5,657  I 
4,582  i 
2,767  ■ 
1,107 

888 

861 

774  ; 

788 


0.014     0 
.019 
.016 
.042  ; 

.110  ! 

.092 

.054 

.022 

.017 

.017 

.016 

.014 


21,808         .036 


016 
030 
018 
047 
121 
lOS 

oes 


019 
030 
018 
016 

491 


Note.— Oagre  heights  and  diflcharge  measurementB  for  1901  are  given  in  Water-Sixpply  ^V 
No.  06,  page  125;  rating  table  on  page  17tt  of  same  paper. 


COLUMBIA   KVEB   DBADTAGE. 


197 


EtHmated  numthly  diBcharge  of  Sevier  River  near  Ounnimm,  Utah, 

[Drainaffe  area,  8,986  square  mflea.] 


Montli. 


January. 
Febmary  . 

March 

April 

ICay 

Jtme 

Jnly 

An^^ist  ... 
September 
October  . . . 
19'oyember. 
December. 


1901. 


Discharge  in  second-feet. 


Ban-off. 


Maxi- 


Mini- 
mnm.    I    mum. 


Mean. 


Total  in  acre- 
feet. 


Second- 
feet  per 
square 
mile. 


Depth 

in 
inches. 


The  year 


164 
81 
74 

239 

129 
21 
59 
17 
12 
41 

154 

239 


94 
29 
19 

51 
8 


5 


14 
9 

7 
17 
41 


118 

125 

56 

45 

122 

41 

9 

24 

12 

8 

84 

81 


7,255 

6,942 

8,443 

2,678 

7, 501 

2,440 

553 

1.476 

714 

476 

2,023 

4,980 


0.029 
.031 
.014 
.011 
.031 
.010 
.002 
.006 
.003 
.002 
.009 
.020 


5 


56 


40,481 


.014 


0.038 
.032 
.016 
.012 
.036 
.011 
.002 
.006 
.003 
.002 
.009 
.023 

.185 


Norm.— Oage  heights  and  discharge  measurements  for  1901  are  giyen  in  Water-Supply  Paper 
"So.  60,  page  126;  rating  table  on  page  176  of  same  paper. 

COLUMBIA  RIVER  DRAINAGE. 

Next  to  the  Colorado,  Columbia  River  is  the  largest  river  in  the 
arid  region,  its  drainage  basin  including  parts  of  Washington,  Oregon, 
Idaho,  and  Montana  and  a  large  area  in  Canada.  The  Columbia  and 
its  numerous  tributaries  are  of  great  importance,  offering  good  sites 
for  water-jwwer  development  and  an  abundance  of  water  for  irriga- 
tion, while  the  main  river  is  navigable  for  a  considerable  distance. 
But  little  has  been  accomplished  at  the  present  time  in  developing 
either  of  these  resources. 

In  the  following  pages  is  published  a  report  on  the  irrigation  devel- 
opment in  the  valley  of  Snake  River,  the  most  important  tributary  of 
the  Columbia,  by  D.  W.  Ross,  Stat^?  engineer  of  Idaho. 

During  1901  gaging  stations  were  maintained  on  the  following  trib- 
utaries of  the  Columbia:  On  Missoula,  IJlackfoot,  and  Bitterroot  rivers 
near  Missoula,  Mont.;  on  Snake  Riv^er  at  Montgomery  Ferry,  near 
Minidoka,  Idaho;  on  Boise  River,  near  Boise,  Idaho;  on  Weiser 
River  near  Weiser,  Idaho;  on  Spokane  River  at  Spokane,  Wash.;  on 
Naehes  River  near  North  Yakima,  Wash. ;  on  Yakima  River  at 
Union  Gap  and  at  Kiona,  Wash. ;  on  Palouse  River,  near  Hooper, 


1»8 


KTRKAM    MEASUREMENTS    IN    1901. 
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Wash. ;  and  on  Umatilla  River  at  Gibbon,  Oreg.,  the  results  of  me^s- 
urenients  of  whieh  are  given  in  the  following  pages. 

MISSOULA  RIVER. 

Ktitiwateil  motithiy  discharge  uf  BlackfotA  River  near  Bonner,  Mont. 

1  DraioAffe  anw.  2.4IK  nqnare  miles.  ] 


EMjM'harfre  in  Meccmd-feet. 


Ban-off 


Month. 


Maxi- 
mnm. 


Mini- 
mom. 


Total  in  acre  i 
foet. 


Second- 
feet  per 
■qnsre 
mile. 


Depth 

in 

iDChfft. 


Jail  nary  . 
February 
March  . . . 
April  . .  . 
May 
June    .   . 


IMM. 


l.()60 
'  1.310 
'.    3,988 

2,950 
!  12,302 
I  7,676 


550 
450  ' 

550  I 


678 

580 
1,017 


585  .  1,186 


3,899 
2,650 


8,552 
3,698 


41,381 
32,212 
62,583 
70, 572 
525,842 
220,046 


0.27 
.24 

.41 

.48 
8.47 
l.tW      1.6T 


0.31 
.23 

a: 

.54 

4.00 


N(>TK.    Oaire  hoi(chtM  and  diMchance  measurBments  for  1901  are  fd^en  in  Water-Snpplv  P^ip^ 
No.  m.  iiatfe  IHI^  ratinic  table  on  yatri*  177  of  flame  paper. 

Ksti mated  imndhhj  dm'hnrge  nf  Mitwouht  Rifv^r  at  Miitstmla.  Mont. 

\  DrainoKt*  ar«»a.  h.SM)  Hfjuare  mileH.  ] 


I)iH<'lmr>f«'  in  s«M*«»nd-foft. 


Run-off. 


Moll  111. 


1901. 
March 

April  1-1(».  i:{-:i() 

Mav 

June  ... 

July... 

Anj^ist 

S^'ptt'inlx'r 

(>cto])e'r  . . 

Novciiilwr 

Drfciiilwr  1    10 


Maxi- 
111  uni. 


'JO.  200 

14.4.")0 

I.CmO 

1 .  oer> 

1 . 0'i.-) 
1 .  Cvio 
1 .  O^.") 


Mini- 
mum. 


M»«an. 


Total  in  arr*^ 
feet. 


7.:mo 

.").  150 

1 ,  690 

980 

9S0 

1 .  VM) 

1 , :Uh) 


2,  OW 
2,001 
15, 156 
7,458 
2,S15 
1 ,  :U)0 
1,415 
1,472 
1,478 
1,418 


128,509  i 

154,770  i 

981,906 

443, 782 

173,026 

79, 933 

84,198 

90,510 

87,947 

27, 794 


feet  per      jj, 

*1^^    inrht^ 
mile. 


0. 35 

.44  I 
2.54  I 
1.25 

oo  i 

.24  I 
.25 
.25 
.24' 


O.-W 
.41 

l.:^9 


.•V) 


.29 

OS 
.00 


XoTK.    (Jau'o  iK'ijTrlits  un«l  flisrlmr^'f  inoasuromonts  for  lilOl  are  ^ivon  in  Water -iSopply P^J"'^ 
No.  ♦W),  jMip*  i;n:  rating  table  on  pag*'  1~T  of  sjime  iiajM^r. 
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■ALLS  OF  SN*KE  BIVER,    IDAHO 


B.     LOCATION    OF   DAM   SITE   NEAR   TWIN    FALLS.    ID«MO. 


PI 


I-]  COLUMBIA   BITEB   DBAIKAGE. 


*c.ft. 

10  M 

',:■ 

- 

Ay 

" 

VHl- 

■" 

•s 

Aug 

- 

'S 

OCT 

h.0- 

"1 

- 

- 

- 

- 

- 

L 

a 

1 

k 

1 

U 

'^ 

a 

1 

i 

I 

k 

1 

1 

1 

1 

\ 

1 

1 

1 

1 

I 

■ 

k 

I 

1 

1 

I 

I 

I 

d 

■ 

I 

1 

.. 

Flu.  ei-Dtacbarse  of  Himmla  Biver  mt  HIwooIa.  Uont.,  lOOl. 
Estimated  motilhly  lUnekarge  itj  RiUerrout  Riwr  at  Mitnonhi,  Mont. 


iD«ina«B««,a,a«H. 

DbBhargelniieco 

Hooth. 

! 

mum.    ;    mum. 

1901. 

'ebrnary 

larch 

2.7511  1    l.:t»n 

..pril  (twenty-one 

dayw) 

lay 

18.3",       T.3I0 

"    Sac-ond- 


■nly 

t-ngiut 

■Qptember . 

»ctober 

November.. 


18.3", 

T.3I0 

1.03.-> 

67.  :i>o 

Il.TfKl 

:i.050 

.1.(130 

308.711 

'i.KM 

1.22.1 

i.MT 

1«3.9S0 

1.3(H) 

lun 

09rt 

fll.l80 

l.»SO 

940 

1. 1*) 

rt7..-,07 

i.aw 

1.080 

1.  |.')7 

71.141 

t.ir.T 

1.100 

1.149 

«M.;{70 

1  »rv  Biven  in  Wutur-Sapply  P«pi« 


STIIKAM    SH-IASI'KKMKNTS    IX    l!Kll,  > 

SPOKANE  RIVER. 


I  in 


Illr-'llHI 


Miiy 


mil      ii..vr>  I  11.14.-t 
Til      V.\.im  I  19.901 


T.Uli»^ 

«07.W8 

3.47 

404.811 

i.ts 

812. B«0 

3.T1 

«8.(at 

S.TB 

804.  OTO 
896. 04S 
S00.834' 
1SS.SW 
LM.SSl 
1H,96S 
383,413 

r>.9M.14.5 


,'■•  :  ■•■^1  -'- 1  ••? 

vz 

JU-l 

i"S 

'UO 

StPt 

S'i 

njoT 

■ctr 

-     i 

>  J 

A 

1  1 

i 

^ 

1 

1 

1 

kl 

i 

' 

1 

i 

i 

t 

1 
1 

ll 

k 

1 

kJ^ 

L 

1 

1  ■ 

i 

■"■" 

1 

iM 

^ 

■ 

^1 

■ 

■ 

I 

1 

■ 

1 

1 

1 

■ 

m 

■ 
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SNAKE   RIVER. 

Estimated  monthly  discharge  of  Boise  River  near  Boise ^  Idaho, 

[Drahubge  area,  2,450  square  miles.] 


Month. 


Discharge  in  second-feet. 


1901. 


I  year 


Maxi- 
mum. 


1,430 
4,380 
4,604 
8, 636 
12, 668 
7,740 
2,880 
1,060 
990 
1 ,  095 
1,200 
2,180 


Mini- 
mum. 


1,130 

1 ,  095 

2.180 

2,070 

7, 516 

2,720 

1,060 

740 

770 

860 

860 

aso 


Mean. 


1,280 

1,756 

2,892 

5, 056 

10,106 

4,789 

1,878 

846 

833 

910 

933 

1,233 


Total  in  acre- 
feet. 


78,704 

97,523 

177,822 

800,853 

621,394 

284,965 

115,474 

52, 141 

49, 567 

55, 954 

55,517 

75, 814 


Run-off. 


Seoond- 

feetper 

square 

mile. 


12,668 


740 


2,708       1,965,728 


0.52 

.72 

1.18 

2.06 

4.13 

1.95 

.77 

,35 

.34 

.37 

.38 

.50 

.11 


Depth 

in 
inches. 


0.60 

.75 

1.36 

2.30 

4.76 

2.18 

.89 

.40 

.38 

.43 

.42 

.58 


15.05 


age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
)  128;  rating  table  on  page  176  of  same  paper. 

timated  monthly  discliarge  of  Weiser  River  near  Weiser,  Idaho* 

[Drainage  area,  1,670  square  miles.] 


Dischai 

Maxi- 
mum. 

rge  in  seco 

Mini- 
mum. 

nd-feet. 

Total  in  acre- 
feet. 

Run-off. 

Month. 

Mean. 

945 
1,921 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

1901. 

8,800 
7, 187 

375 
470 

58,106 
106,678 

0. 57 
1.15 

0.66 

1.20 

_____..._....      

6,230 

1 ,  425 

2,964 

182,249 

1.77 

2.04 

3, 530 
5, 150 
2,585 

1,330 
2,585 

585 

2, 523 
8, 935 
1,304 

150, 129 

241 , 958 

77,598 

1.51 
2.36 

.78 

1.68 

2.73 

.87 

585 

250 

363 

22, 820 

.22 

.25 

215 

89 

67 

4,120 

.04 

.05 

r - -- 

87 

47 

71 

4, 225 

.04 

.04 

137 
830 

96 
187 

115 
191 

70,712 
11,865 

.07 
.11 

.08 

r 

.12 

• 

1,880 
7,187 

250 
39 

525 

32, 2H1 
961,736 

.31 
.74 

.36 

>  year 

1,244 

10.08 

lage  heights  and  discharge  meosurementR  tor  \TO\  aT«  ig\v«ti  Va.  "^«k\«t-%xKiev^'^  '^v^nit 
1S9;  rating  table  on  page  ITti  of  namo  paper. 


SM 


BnaUM  WtABVKEMXKTi  IV  UOL 


TAKIHA  mXVWM, 

AMMotal  wMtUr  dteAoive  qf  JVUkM  Amp  MMT . 


BbvAnUncffW. 


HoTi.  -Giiic«  bnlitbtaand^liiic'faanK 


■vntmibipfiTrva 


n,  pkire  IMj  ratliiRlaMe'ini  ikK"  lTT<-f  Hnw  papi^ 

KMiimiitiil  miinlhly  tUneharyr  af  I'dh'mn  AJtvr  at  Umom  Oq>,  Wort- 
IDrmlnact-  una,  :l,l«<l  niiare  mOM.} 


M.IWl       2.  noil  1    4.371 

■^^^ 

IhUKrf. 

».■ 

«|2 

UN 

.Tanimry 

968. 76S 

l.St 

1-M 

Felirii.ir>- 

HI.T.W 

LWiO 

n.Tao 

90«,Me 

1.18 

l.l" 

Hanh 

311.  WKt 

4.  230 

H.a'Ht 

aiS,7B0 

i.sa 

i.« 

Ainil 

njMMt 

4.(><Nl 

r..2Ta 

ai8,rM 

\M 

i-m 

Mbi-, 

IH,  100 

n.900 

11.483 

708.001 

8.48 

4.IIS 

Jnw, 

lit.  am 

s.Hno 

«.T13 

518. 4M 

9.84 

July 

fi.WMl 

2.  mi 

A.vm 

377.  IM 

1.87 

i.ri" 

Amnwt 

L',  4a.-) 

i.a-rfi 

I..-44 

M.on 

.47 

.51 

SfJltMlllHT 

Laai 

X*) 

1.0S» 

«n.873 

.81 

<)eb)lx'r    . 

1.II.'|0 

v*\ 

Hflr, 

55,081 

.S7 

.SI 

NoTfuiljer 

.t.  1<HI 

H.-.0 

2.T10 

181,3.% 

.BS 

.K 

:a.rK»o 

r                   .      20,  BOO 

2.8011 

.1.800 
4.8A6 

8M,628 

1.78 

Till-  yt'H 

3,. ■133,238 

,.« 

2fi."' 

N<TB     (iBK'-tK'iiibtnan-ldlw'hURHmw 

fOTim 

mgivai  tnW 

)>t«r«iiiif 

No.  OB,  i>B|[u  13B;  rotiujr  table  on  paffs  II 


-1  COLUMBIA    RIVEB   DRAINAOB. 

Estimated  monthly  diwharye  of  Yakimti  Hitvr  at  Kiaita,  Watlt. 

lDnilaiiKniilVH.-S.£ll»iiiiin>mlln>.] 


s""iffis; 


J»nnarj'  -     - 

FebniHTj-  . 

M»nrh 

April    .  -. 

Mbj 

Jthw      .  .        .  . 

jTdy    ___       . 

Autowt 

8ni>U^m1iiT 

0»-tol>pr 

KiiveiiibiT 

Dwciuber 

The  year 

NtlTK    -(4iMtP  hp 

KlllHUIKl   .1 

•So.  oe.  IXLRC'  1%;  r 

atinx  ti.b1.. 

5,«.t;i     T.4ao  I 

KA'i     H.(HT 


I.TBII       4.810  , 


S.OflT       4.r,'fl.«IM  ' 


WaWT-Stiiiply  Pajwr 


toe.-ft. 

*PO 

■^%\Ti 

JULY 

f.<K 

OCT 

»0. 

1 

m 

ISJMO 
0^) 

- 

L 

1 

ll 

1 

1 

1 

■ 

1 

L 

ll 

klfl 

I 

1 

^I^HI 

L 

1 

k 

\ 

\ 

1 

1 

t/XU  ^^^^^^^^^^^^^^^^^^H 

1 

1 

k 

■ 

■ 

■ 

■ 

1 

u 

■1 

Fia.  63.— DlBchAHtu  ut  TaUnu  Biver  at  BIodb,  Wiu>h..  lUill. 
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204  STREAM    MEA8UBEKENT8   IN   1901.  [loS. 

DIHC'HAiUIE   MKASUREllENTB  OF  ARTESIAN   WELLS  IN   HOXSE  VALLKT 

NEAR  NORTH  YAKIMA,  WASH." 

No,  /.— Clarke'8  No.  1  (Pecks),  sec.  6,  T.  12,  R.  20.     Weir  measurement.  Apcfl 
SO,  1H99:  discharge,  1.485  second-feet.  . 

This  well  was  closed  in  December.  1900.  and  partly  o{)ened  in  April.  Appraxi-  i 
mate  measarement.  with  Price  meter  in  flmne,  April  11,  1901,  discharge.  1.S4  j 
second-feet.    Barom.  el.,  1.049. 

A«.  J.— Clarke's  No.  2.  NE.  i  SW.  i  sec.  31,  T.  13,  R.  20.    Weir  measore- 
ment.  Man-h  3. 1899, 1,046  second-feet. 

This  well  remained  open  daring  the  winter.    A  measurement  over  an  18-mdi 
weir.  Apnl  11.  1901.  gave  a  discharge  of  0.52  second-foot.    Barom.  el..  1.085. 

So.  .'a.— Clarke's  No.  2a.  NE.  i  SW.  i  sec.  31 ,  T.  13,  B.  20.    Weir  measnreiiiait, 
March  3,  1899,  0.469  second-foot. 

This  well  remained  open  during  the  winter.    A  weir  measnrement.  April  U, 
1901 ,  gave  a  discharge  of  0.15  second-foot.     Barom.  el.,  1 ,076. 

yo.  X— MeigH.  NW.  i,  SE.  i.  sec.  32,  T.  13,  R.  20.     Discharge  18  cnbic  feet  per 
minnte. 

This  well  has  ceased  to  flow  and  is  now  abandone<l. 

\o.  4.— Yakima  Land  Company,  No.  4,  sec.  4.  T.  12,  R.  20.    No  flow. 

Well  abandoned. 

.Vo.  .7.— Yakima  Land  C<impany,No.  1,  sec.  3,  T.  12,  R.  20.     No  flow. 

Well  abandoned. 

yo.  /;.— Yakima  Land  Company,  No.  3,  sec.  3,  T.  12.  R.  20.    Original  yield  esti- 
mated at  ^{0  cnbic  feet  per  minnte.    No  flow. 

Well  ulnndoned. 

\o.  7.— Bradfonl  (now  Hill),  sec.  9,  T.  12,  R.  20.     Measurement  over  Moat 
weir,  Marcli  UK  \\H)\.  gave  a  diwc^hargeof  0.904  second-foot. 

A'o.  .V.  -Dickson,  sec.  M,  T.  12.  R.  20.     Yield  nnknown. 

AImiiu1(>ii»'<1  siiuT  r>«'c«'iiil)er  1,  19(M). 

A'o.  .''.     (taiio.  sec.  H,  T.  12,  R.  20.     No  measurement  obtainable.     Partly  shut 
down  from  I)r<cnil>er  1.  1900.     April  1.  1901,  still  partly  closed. 

.Vo.  /'/.  — Ell.'Hs.  SE.  i  NE.  i  sei\  7.  T.  12,  R.  20.     Measurement  made  March  2:1 
1901.  showed  a  clischar^c  of  0.  i:{  se<.'ond-f(K>t. 

This  well  has  Ik'cu  closed  down  since  the  summer  of  19(N).     Barom.  el.. 99ofwt. 
Cased  :{00  feet. 

Xn.  //.  -Lon^'cvin.  sec*.  H,  T.  12.  R.  20.     Measurement  on  April  9,  HK)1,  gave  a 
discharj^M'  of  o.  I  second-f<M)t.     Biirom.  el.,  995. 

\n.  /.'.  -Haines  (Patterson),  wc.  ^<,  T.  12,  R.  20.     Measurement  on  Man-b  *^3. 
HHM .  ^iw'v  a  discliarf^e  of  0.9H4  second-f(K)t. 

Xn.  /.;.   -Spratt  (Siiuve),  sec.  H,  T.  12,  R.  20.     Weir  mea.surement  ma^le  Manh 
22.  1901.  pive  discharge  of  0.475  sei'ond-foot. 

Tliere  is  siiid  to  ]»e  (55  feet  <  >f  siindstone  1k»1ow  the  first  flow.     The  well  was  <1<>^'- 
Sej)t4»niher  15.  1900,  U>  ])e  opened  April  I.  1901. 

.Vn.  /.;.  -Stein weg  No.  1 .  SE.  i  SE.  }  st^-.  10,  T.  12,  R.  20.     A  weir  mpasnreimiit 
on  July  21 ,  1S99,  ^^ave  a  dischari^^e  of  0.812  si»cond-foot. 

The  well  lias  cease<l  to  fl(»w  and  is  abandoned. 

Xn.  /.:.  -Steinwe^'  No.  2.  sec.  10.  T.  12,  R.  20.     A  weir  measurement.  Jnly'21. 
1S99.  ^ave  a  dischar^'e  of  0. 101  second-f(M)t. 

The  well  lias  ceased  to  flow  and  is  alKindomMl.     (Water  ri8«\s  to  within  '2  ft^t''^ 
the  surface.  ) 


"As  n-iKTt.Ml  l,y  Sydiny  .VnmM.  .\i>ril  is.  liDl.     ,s<h'  als«»  Water-Siipi)ly  Pjij^t  N'c*  .V. ""  ^^^'^ 
(iecilou'v  jifmI  Watrr  Ko^^>ui-«-«'s  i.f  Yiikiina  County.  Wa.-h..  by  (^eorjfi'  OtLs  Smith.  • 
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No.  16, — Steinweg  Ko.  8,  sec.  10,  T.  12,  R.  30.  A  weir  measnrement,  July  21, 
.809,  gave  a  discharge  of  0.1812  second-foot. 

The  well  is  now  abandoned,  having  ceased  to  flow. 

No.  17, — Yakima  Land  Ck)mpany,  sec.  14,  T.  12,  R.  20.  No  flow;  well  Jh  aban- 
toned*    Serenty-flve  feet  of  the  bore  is  in  rock. 

No,  i^.— Ellens,  SW.  i  SE.  i  st»c.  5,  T.  12,  R.  20.  Discharge,  August,  1898.  by 
reir  measnrement,  1.9  second -feet;  March  26, 1H91,  approximate  measurement  by 
umnt  meter,  2  second-feet.  This  is  the  largest  in  the  valley.  The  well  was 
losed  down  daring  the  winter  of  1900-1901. 

No.  i9.— Regimban,  SW.  i  SE.  i  sec.  5.  T.  12,  R.  2(K  Approximate  nieasnre- 
nent,  with  Price  current  meter.  April  10.  1901.  gave  a  discharge  of  1.09  second- 
eet. 

No,  fO.— Buwalda,  NE.  i  SW.  \  sec.  82,  T.  18,  R.  20.  A  weir  measurement  on 
liareh  8.  1899,  gave  a  discharge  of  0.8  second-foot;  and  on  April  10,  1)N)1.  u  dis- 
liarge  of  0.05  second-foot.  The  water  has  fallen  below  surface  level,  but  is  raised 
o  an  elevation  of  20  feet  by  a  small  centrifugal  pump  and  6-horsepower  gasoline 
m^fine. 

No.  J/.—Clarke's  No.  4.  NW.  i  SE.  i  sec.  81,  T.  18,  R.  20.  A  weir  measure- 
aent  on  April  10,  1901,  gave  a  discharge  of  0.197  Hectond-f(X)t. 

No.  ^^;/.— Alwardt,  SE.  i  SW.  i  sec.  9,  T.  12.  R.  20.  Weir  measurement,  March 
{1, 1890,  gave  a  discharge  of  0.64  second-foot. 

No.  J?,?.— Talent,  H.  H.,  NW.  i  SW.  i  sec.  5,  T.  12,  R.  20.  Measurement  made 
liazch  26, 1891,  gave  a  discharge  of  0.85  second-foot. 

No.  -?^.— Clarke's  No.  5.  NE.  i  sec.  81,  T.  18,  R.  20.  No  flow.  Alwndoned. 
liost  drill. 

No.  S5. — Conrad,  sec.  5,  T.  12,  R.  20.  Commenced  Deceml)er  20. 1900.  In  prog- 
-688.    Depth,  847  feet,  March,  1891. 

No.  2G. — ^Longevin,  sec*.  8,  T.  12,  R.  20.  Weir  measurement,  April  10,  1901, 
ihowed  a  discharge  of  0.807  He<xmd-foot. 

No.  ;?7.— Buwalda  No.  2.  NW.  i  NW.  i  sec.  5,  T,  12.  R.  20.  Measurement, 
(kpril  10, 1901,  with  Price  current  meter,  gave  an  approximate  discharge  of  0.566 
lecond-foot. 

No.  i?^.— Peck,  J.  W.,  NW.  i  NE.  i  sec.  6,  T.  12,  R.  20.  Measurement  with 
nirrent  meter  on  April  11,  1001,  gave  an  approximate  discharge  of  1.10  second- 
!tot. 

No.  29.—B,YaQ,  Robert,  SW.  i  SW.  i  sec.  10,  T.  12,  R.  20.  A  weir  measurement 
m  March  21, 1891,  gave  a  discharge  of  0.485  second-foot. 

No.  J6?.— Patterson.  NW.  i  SW.  i  sec.  8,  T.  12,  R.  20.  Commenced  January  12, 
1901.    In  progress.    Depth,  640  feet  March  21,  1901. 

No. .?/.— Gano,  NE.  i  SW.  i  sec.  80,  T.  18,  R.  20.  Measurement,  March  29, 1891, 
jiave  a  discharge  of  682  second-feet. 

No.  5^.-— Ellens,  SE.  i  NE.  i  sec.  8,  T.  12,  R.  20.  Depth,  676  feet.  Some  water. 
Well  abandoned. 

No. ;?;?.— mil,  SW.  i  SW.  i  sec.  4,  T.  12,  R.  20.     A  trifling  flow. 

Wide  Hollow.— Wiimn,  SW.  i  SE.  i  sec.  29,  T.  18,  R.  18.  Discharge  estimated 
it  0.75  second-foot.     Well  close<l  during  winter  of  1900-1901 .    Still  closed. 

Mabtou .—Terrm  and  Hoover,  SE.  i  SE.  i  »ec.  7,  T.  8,  R.  28.    Abandoned. 

Sunnyside.—Tnmer.  NE.  i  NW.  i  sec.  8,  T.  10,  R.  28.     Abandoned. 

Selah  Valley. — Parker,  Hec\  28,  T.  14,  R.  20.     Work  temjwrarily  discontinued. 

Wenas  Valley. — Arlington  and  Stoffer.     Abandoned. 

IVarvi  Springs  {10  miles  cast  of  Ellensburg). — John  P.  Clerf .  Work  in  pro- 
gresB, 
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^^OKTBTEBN  PACIFIC  COAST  DRAINAGE. 

3  measurement  of  four  Htreams  in  that  part  of  the  State  of 
lington  located  between  Piiget  Sound  and  the  Pacific;  Ocean  and 
n  as  the  Olympic  Peninsula  has  been  continued  during  the  year, 
treams  measured  are  Dungeness,  Elwha,  Kalawa,  and  Soleduck 
I,  all  of  which  head  in  the  Olympic  Mountains,  the  fii^st  two 
ig  northwardly  into  the  Strait  of  San  Juan  de  Fuca,  and  the  last 
owing  westwardly  into  the  Pacific  Ocean.  The  work  of  stream 
g  at  these  stations  was  brought  to  a  close  at  tlie  end  of  1901, 
a1  years'  records  having  been  obtained  whicli  give  a  fair  indica- 
t  the  regimen  of  these  streams,  and  for  the  furtlier  i-eason  that 
J  to  the  turbulent  character  of  the  streams  much  difficulty  has 
experienced  in  making  accurate  measurements. 
J  station  on  White  River,  at  Buckley,  Wash.,  was  also  main- 
i  during  1001.  This  stream  rises  in  (central  W^ashington  and 
into  Admiralty  Sound. 


ELWHA  RIVER. 
Estimated  mmithly  diHchnrge  of  Elwha  RHtv  at  McDtwald,  Wash. 

[Drainatcu  area,  IHH  wiuare  inileH.  ] 


Month. 


IT 
ary 


1901. 

11.440 

11,212 

7, 000 

1,300 

8, 058 

5, 947 

2,100 

1; 1,420 

aber 929 

jr..._ 1,900 

iber .- I  23,848 

iber '    7,468 


DiflcharK*)  in  »e(*ond-feet. 


Maxi- 
mum. 


The  year 23,848 


Mini- 
mum. 


985 

645 

685 

625 

1.071 

1 .  226 

l,:i40  ! 

873  I 

605 

460  I 

795  j 

1,071 


Mean. 


1 ,  935 

1,807 

1,561 

957 

2,445 

2,380 

1,641 

1,173 

690 

((64 

4, 036 

2,306 


Total  in  acre- 
feet. 


118,978 

100,354 

95, 982 

56, 944 

150,337 

141,620 

100,901 

72, 125 

41,059 

40. 838 

240, 159 

141,790 


Run-off. 


10. 29 

9.61 

8.30 

5. 09 

13.00 

12.66 

8.73 

6.24 

3.67 

3. 53 

21.47 

12.26 


11.86 

10.01 

9. 57 

5.68 

14.99 

14.13 

10.06 

7.20 

4.10 

4.07 

23. 95 

14.14 


460  :     1,800  I     1,301.087         9.57     129.76 


.—Qtkge  heights  and  diacharKe  measurements  for  19i)l  are  jfiven  in  Water-8ui)ply  Paper 
page  189;  rating  table  on  page  177  of  same  pa];>er. 
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[SOlA 


KALAWA  RIVER. 

EaiiwMted  numihiif  dUduurffe  of  KaUnra  Hirer  near  Forka^  Wan^, 

LDtmlmfe  ana.  tlSaqoare  mllM.] 


Dimshargv  in  mnood-ffiet. 


Rmi-off. 


RaBth. 


I 


i- 


Jwiiiary  . 
FebinAry 


1901. 


11,710 
5, 813 


March !  5,S19 

April :  9,488 

May :  5,029 

June. !  909 

July I  300 

I 

August      158 

September 170 

October 8,704 

November '  8,708 

December '  0,548 

The  year 11,710 


Rini. 


Total  in 
feet. 


\n. 


814 

800 

680  i 

586 

814  , 

814 

147 

0 

0 

0 
768 
566 


1,738 

1,151 

1.873 

097 


Second- 
feet  per 
square 
I     mQe. 


I     in 
|iiic]M& 


105.948 
65.084 
84.861 
50.835 


949 

58,352 

478 

38,448 

180 

11.067 

48 

3,951 

41 

3,440 

199 

13,386 

449 

145,736 

086 

128,363 

973 

704, 141 

8.09 

5.40 

6.44 

4.68 

4.46 

2.34 

.84 

.28 

.19 

.93 

11.50 

9.79 


I 


9.R 
5.6B 
7.41 
5.9 
3.14 
IM 
.97 

.11 

1.07 

13.61 

11.31 


4.57  :   61.87 

I 


NoTK.-  Oa|?»»  hiMKhtH  aiid  diwbarKe  moa8urement»  for  IWH  an?  uriTcn  in  Water-Supply  Pip* 
No.  06,  ])aKe  140;  ratiui;  table  on  pago  177  of  uamo  paper. 
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SOLBDUCK  RIVER. 

Estimated  monthly  di^harge  of  Soleduck  River  near  Quillayute,  Wash. 

[DrtdsMge  are*,  273  square  mllee.] 


Month. 


Maxi- 
mum. 


1901. 

January i  1 1, 3(J5 

February 8. 125 

March j  8,065 

April 4,075 

May.-     4,750 

June 2, 185 

Jnly -.   I  833 

I 

An^n^t '  506 

September I  276 

October '  3.535 

November J  12,715 

December '  8,800 

The  year I  12,715 


rge  in  seoon 

d-feet. 
Mean. 

Total  in  acre- 
feet. 

Run- 

Second- 
feet  per 
Hquaro 
mile. 

■off. 

1 

.     Mini- 
1    mum. 

Depth 

in 
inches. 

1 
1     1,180 

730 

1 

3,089 

189,935 

11.36 

13.10 

2, 071 

115,017 

7.61 

7.92 

1     1,060 

2,116 

130, 108 

t .  in 

8.97 

1     1,263 

2,146 

125,911 

7.89 

8.80 

986 

1,810 

111,293 

6. 65 

7.67 

861 

1,262 

75,094 

4.(U 

5.27 

530 

671 

41,258 

2.47 

2.85 

276 

374 

23,006 

1.38 

1.59 

201 

236 

14,043 

.87 

.97 

155 

368 

22, 527 

1.35 

1.56 

'     1,915 

4,286 

2o5, 035 

15.76 

17.59 

1     1,180  i 

1 

3,587 

220, 556 

13.19 

15. 21 

155 

! 

i,as5 

1,323,7^3 

6.75 

91.50 

Note.— Oacfo  heightH  and  diHchar^e  measurements  for  19in  are  griven  in  Water-Supply  Pafwr 
Kg.  06,  page  Ul;  rating  table  on  page  177  of  same  paper. 

SAX  FRANCISCO  BAY  DRAINA(3E. 

Sacramento  River,  rising  in  nortJiern  California  and  flowing  south, 
and  the  San  Joaquin,  rising  in  the  southern  sierras  and  flowing  north- 
east, drain  the  western  slope  of  the  Sierra  Nevada,  traverse  what  is 
often  called  the  Valley  of  California,  and  meet  near  Suisun  Bay, 
finally  discharging  their  watei^s  into  the  Pacific?  Ocean  through  San 
Francisco  Bay.  Systematic  measurements  of  discharge  were  made 
during  1901  of  Sacramento  River  at  Jellys  Ferry,  and  of  two  of  its 
tributaries.  Stony  Creek  at  Julian's  ranch,  near  Fruto,  and  Cache 
Creek  near  the  town  of  Lower  Lake. 

Stations  were  maintained  during  11)01  in  the  San  Joaquin  River 
drainage  as  follows:  On  Mokelumne  River  at  Electra,  on  Stanislaus 
River  near  Oakdale,  on  Tuolumne  River  at  Lagrange  and  at  several 
points  on  its  headwaters,  on  Merced  River  above  Merced  Falls,  on 
San  Joaquin  River  at  Ilerndon,  on  King  River  near  Red  Mountain 
and  near  Kingsburg.  Stations  were  maintained  also  on  Tule  River 
near  Portersville  and  on  Kern  River  at  first  point  of  measurement, 
near  Bakersfield,  both  these  streams  belonging  strictly  to  the  above 
drainage. 

IBR  75— Ol' 14  "■ 
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SACRAMENTO  tUVBR. 
eatiwiattd  mtmlMif  dittAarge  of  SacrameiUo  River  at  Jelift  Ferry,  Cat. 


■,S.U4.qill 


"-] 


IWl. 

Juinu7  74,  aw 

February _ _  101,880 

March «,  100 

April 16,700 

May 18.700 

June 7,365 

Jnly    4.760 

Aognst 8,»80 

Sept«mber 5,880 

October 5,880 

November 44, 100 

December   --- 61,800 

The  >-ear 101 ,  880 

NoTK  -  <taKi>  bi'lvbtH  unci  iliarhBrge 


8.01.1 

30,968 

1,200,104 

9.800 

34,138 

1.805,028 

13.300 

20,638 

1. 368.366 

9.200 

10,870 

646.810 

7.SS0 

9.801 

602,824 

4,965 

5.596 

332.085 

3,060 

4,865 

268,303 

8.805 

3.850 

286,727 

8,680 

8,922 

283. 37.', 

a,seo 

4,194  ' 

357.870 

4,880 

7,745  J 

460.850 

5.880 

12, 140  1 

747.013 

8,630 

11,520 

8.241.353 

4  III  it 


It  JcUys  Ferry.  Cal,.  11«1. 
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EHimated  monthly  discharge  of  Stony  Creek  near  Fruto,  Cat, 

[Drainage  area,  7B0  square  miles.] 


Discharge  in  soco 

nd-feet. 
Mean. 

Total  in  a<To- 
feet. 

Rnn-off. 

Month. 

Xaxi- 
mmn. 

Mini- 
mmn. 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

1901. 
f 

7     ----------------- 

ry 

10,385 

2,215 

630 

555 

195 

15 

10 

725 

340 

1,125 

3, 875 

725 

435 

225 

225 
ft 

0 
2 
5 

0 

77 
0 

2,707 

898 

861 

349 

66 

r» 
4 

4 

85 

130 

161 

425 

428 

150, 3iW 

54,908 

21,481 

21,459 

3,927 

430 

246 

2.083 

7,993 

9,580 

26,132 

8.56 
1.18 
.48 
.46 
.09 
.01 
.01 
.05 
.17 
.21 
.56 

3.71 

J  ---------------- 

1.36 
.54 

.53 

.10 

.01 

.01 

ber 

.06 

» 

.20 

3er 

.23 

»r 

.64 

he  year 

10,385 

298, 578 

.57 

7.39 

-Cktge  heights  and  discharge  measurements  for  19()l  are  given  in  Water-Sui)ply  Paper 
ige  143;  rating  table  on  page  178  of  same  paper. 

mated  monthly  discharge  of  Caclie  Creek  near  Lotcer  Lake,  California. 

[Drainage  area,  500  square  miles.] 


Discharge  in  8ea)nd-feet. 


Month. 


1901. 


f  - 


Maxi- 
mum. 


Mini- 
mum. 


ber 


ler. 


he  year 


2,020 

2, 520 

1,330 

805 

570 

415 

255 

155 

86 

50 

62 

74 


2,520 


155 
615 
805 
530 
380 
255 
155 

86 
40 
16 
16 
40 

16 


Mean. 


Total  in  acre- 
feet. 


Run-off. 


535 
909 
1,079 
654 
481 
327 
199 

114 
55 
31 
26 
62 

373 


I 


32, 896 

50,483 

66, 345 

38,916 

29, 576 

19,458 

12, 2^6 

7,010 

3,273 

1,906 

1,547 

3,812 


1.07 

1.82 

2.16 

1.31 

.96 

.65 

.40 

.23 

.11 

.06 

.05 

.12 


267,458 


.75 


1.23 

1.89 

2.49 

1.46 

1.10 

.72 

.46 

.26 
.12 
.07 
.06 

.14 


10.00 


-Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
kge  144;  rating  table  on  page  178  of  same  paper. 


SIS 


0TBBAM  inEASUHracnm  nr 


pnift 


MOKBLUMNB  MVBR. 
EtOmaied  numikiif  diaAtrge  o/Mokekumme  River  at  Eliedra,  CdL 


] 


February  . 
liuch.... 

April 

May 

June 

July 

August ... 
Septoniber 
October... 
Ifofennber . 
Deoeniber . 


1901. 


In 


BoiHiff. 


The  year 


4,600 
18,910 
4,090 
8,100 
9,960 
6,790 


Ifliii- 


610 
1,180 

990 
1,960 
1,890 


1,000 
8,809 
9,004 
9,040 
4,697 
8,888 


•190 
•60 
•76 

•  910 
•1,467 


«1,589 


Total  in 

fiB6t. 


I 


feet  per 
mile. 


ii 


61,488 

188,884 

198,991 

191,888 

984,508 

998,145 

•16,987 

•11,688 

•8,570 

•4,678 

•19,496 

•45,467  , 


1.86 
6.15 
8.78 
8.80 
8.6S 
7.14 
«.49 


«.ll 
•.14 
«.89 


114 

m 
i.» 

7.« 
i.8l 
•M 

•.If 
•.II 
•.44 


•8.78  !  •I.K 


•1,096.005      02.96  «89.l 


A  Approximate. 
NoTB.— (4af;«  heights  and  dincharge  meararementH  for  1901  are  given  in  Water-Supply  Pftpcr 
No.  65.  page  146;  rating  table  on  page  178  of  aame  paper. 

SAN  JOAQUIN  RIVER. 

Estiniateii  monthly  discharge  of  Tuolumne  River  at  Hetch  Hetchy  Valley  dfl» 

«t7e,  California, 

[Drainage  area,  400  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mom. 


Mean. 


Total  in  acre- 
feet. 


I 


Rnn-off. 


mile. 


1901. 


June 7.020 

July 8,650 

AngHHt 1, 122 

September  ... 147 


1,550 

1,200 

127 

86 


I 
3.476 

2, 159 

427    ; 
109     : 


206,886 

132, 752 

26,255 

6,486 


8.69 
5.40 
1.07 


07 


9.70 

6.31 

1.33 

.30 


Nc)TK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-SnpplT  FiiP^ 
No.  ea,  page  147. 
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SAN   FBAKCI8G0   BAT   DBAINAGE. 
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nated  monthly  discharge  of  Elemwr  Creek  at  Eleanor  Trail  Crossing, 

California, 

[Drainage  area,  81  Bqaare  miles.] 


Diflcbarge  in  necond-feet. 


Run-off. 


Month. 


I 


I     Mazi-    '     Mini- 
mum.   I    mum- 


Mean. 


Total  in  acre-  '■  o^^^^a 

feet.  ,5?^^:     Depth 


1901. 


iber 


1 

,884 

374 

824 

510 

1 

138 

275 

122 

18 

52 

18 

8 

feet  per 

square 

mile. 


in 
incheR. 


49,031        10.10  I     11.  a5 

16,909  ,      3.40  I      3.92 

3,197  .64  .74 


476 


.01 


.01 


— Qage  heights  and  dim;harge  mctaaurementH  for  IWl  are  given  in  Water-Supply  Paper 
Age  147. 

fnated  vionthly  discharge  of  Cherry  River  at  Eleanor  Trail  Crossing, 

California. 

[Drainage  area,  130  square  miles.] 


Discharge  in  sec*ond-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


1901. 


b  ... 
iber 


« 1,950 

1,630 

206 

145 


750 

218 

17 

4 


Mean. 


1,202 

653 

93 

32 


Run-off. 


Total  in  acre- 
feet. 


Second- 
I  feeti>er 
I  square 
!     mile. 


71,525  9.25 

40, 145  5. 02 

5,718  I  .72 

1,904  .25 


Depth 

in 
inches. 


10.32 

5.78 

.83 

.28 


"  Approximate. 
— Oage  heights  and  discharge  measurements  tor  lUUl  are  given  in  Water-Supply  Pai>er 
iagel48. 


m 

«TRKAM    MKASUBEMKNTS   IN    li»01. 

»i 

H    E»lim<iifl 

miinlhtii  ilUetmrgt  of  Titohimnr  Rtvrr  at  Ijigmngi:  Cai 

■ 

[Dnunksa  itm.  1  JUl  aqaare  mBee.) 

, 

■bDtU. 

Tot^in^ 

-     1 

Hul- 

Hlnl- 

.».^ 

mfle 

■uituirj- 

ls.  380 

GflO 

H,xn 

300.145 

S.33 

2.SH 

ebnmiy 

!    \9,-lU\ 

1.440 

7,208 

400.001) 

4.  Mi 

S.O0 

&rcli 

7.080  1     2.080 

3,719 

SS«.7W{ 

a,4« 

!,M 

pril 

7J)80  ,     i.T4(l 

H,MO 

a»5.B«fl 

2.64 

!.W 

ay 

18.100      4.0Tfl 

s.oa'i 

41M.  114 

5.  HA 

n.ii« 

nne 

1».!S0  '     4.  BOO 

fl.BST 

5.W.?iB6 

fl.M 

fl,« 

nly. 

S.MO       I.MO 

3,700 

327,rrfW 

2.47 

S.M 

oKiwt 

2.080 

■201) 

784 

48.308 

.fl3 

.60 

^m 

50 

ITS 

10,413 

.12 

.la 

November   

1.300 

300 

574 

34,  IM 

,3M 

,« 

ri 

8.800 

300 

1,339 

82.832 

.89 

i.ie 

^^Iwjnnr  .- 

10,340 

• 

8,58T 

a.SS8.«»0 

a.3a 

n.:8 

Hlnlng  Oompuiy'B  csiukl  flom  10  Hcont! 
■nd  T  Beamd-feet  ramtlnnomly  from  April 
Note.— Onge  helghls  aod  dlBclurKe 

Mu.  W.  page  IW:  ratlnff  table  OD  p«^  ITS  > 


-feet  ooQtliiiioaily  from  Juraarr  l  to  Uuch  fi.  HR, 

.  to  Jnir  n,  itoi. 

jr  1901  mm  given  In  Water-anpplj  P»l« 


ec-ft. 

0*M 

low 

10  20 

o"o 

'% 

10  2 

'°% 

:% 

NOV 

liOCO 

d 

i 

10.000 

I 

1 

0.000 

- 

- 

li 

III 

i 

1 

II 

1 

1 

1 

1 

L 

] 

\ 

i 

0 

1 

1 

1 

1 

t 

1 

1 

1 

1 

I 

1 

\ 

1 

u 

L 

k 

>« 

K 

J 

> 

■ 

J 

Li 

Fio.  U.— Diactwrgeof  TaolamDaRlTerKtLa|truige,C>I.,  1901. 


flAN   FBANCISCO   BAY    DRAINAGE.  2 

moHthlg  diaeharge  of  Merced  River  above  Mereed  Fallt,  Cat. 
[DraioKge  are*,  1,080  aqouv  mtles.] 


Dfachftnte  in  i#roTtd-f4el 


Mail-    [    Mini-    '    y^^ 


vg _ 9.45(1 

iM    8,23i» 

ly I    4.56(1 


1.090  I  3.687 

3.700  I  3.419 

3.3»0  I  5.S9" 

l.oeO  I  2,006 

220  I  704 

130  183 


Tntel  In  aiT»- 


133,340 

1.55  , 

i.« 

:tS3,301 

4.97 

n.78 

:i30,678 

4.94 

.^(..W 

13«.ST8 

1.93 

2.21 

4Jt,287 

.6.'-. 

.75 

10,880 

.17  ' 

.19 

16,294 

.24  ■ 

.28 

2.1.743 

,r.. 

.41 

:m.47« 

..la 

.61 

t-ft. 

low 

To^^ 

T<fSi 

APR 

MAV 

JULY 

AUD. 

sfpr 

6cr. 

A 

J':J- 

iffa 

1 

I 

1 

11 

1 

III 

III 

1 

■ 

L 

uxa 

0 

4 

1 

1 

' 

^ 

£■ 

! 

° 

1 

k 

t 

J 

1 

1 

. 

p 

1 

1 

ll 

1 

1 

1 

-  DL>cliargc  ot  UcnztHl  Blrer  abure  Merced  fi 


HTREAH    HEASUBBHKNTS    IN    1901.  tw 

Ettimaird  monthlp  liiMeharge  of  San  Joaquin  River  at  Bemdtm.  Col. 
[DnUiwc«kr««.  lAI  HinBre  mUe*.] 


In  WaXeT-SappirftJin 


'^-y"-   ,0K 

'ok    r?o 

*P»         MAV        jJSe       JULY         iUO          SEBT     "oTT  "So^T  "ocT 

ii 

i  Jr 

"■""  r 

ft           I 

1 

ill          t 

iM 

ii 

HIIl        I 

^11 

■■  i 

■,....   1 

^mti 

J 

■I 

^Kkitlii 

Kni  r.7.  -Dt«liarK'i'if  Sun  Juatiui 


liTudon,  Cal.,  1901. 


8AK    FRANCISCO    BAT    DRAINAGE. 


ao.-ft. 

AN 

ox 

7 

1      IS' 0 

s» 

»"» 

SKi 

KJ- 

SCBT 

OCT 

"o» 

Dec  1 

ii 

i-i 

( 

II 

1 

II 

1 

a.nui 

4.00(1 

MOO 

0 

1 

^ 

III 

1 

,■■ 

« 

i 

L 

k 

■  i 

i 

1 

II 

1 

1 

1 

■ 

1 

1 

1 

1 

,, 

i 

t 

^ 

■ 

Q 

■ 

k 

1 

^ 

I 

■ 

Fta.  SB.— DtwhkTge  of  EIdk  Blver  neu  B«d  HuootBin,  CBlifornla,  IDOl. 
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BTRKAM   MKA8UREMENT8   IN    1901. 

TULE  RIVER. 

KHtimatetl  monthly  dincharge  of  Tule  River  tiear  PortertviUe,  Cal. 

[DrainiHre  area,  487  square  mileH.] 


[nets. 


DiM-har 

* 

Maxi- 
mum. 

H75 

ire  inatxroi 
Mini- 

nd-feet. 

Total  in  acre- 
feet. 

Buxj- 

Seeond- 

f  set  per 

Hqiure 

mile. 

0.96 

on. 

Depth 

in 
inrh«^ 

Mimth. 

Mean. 

19()1. 
May 

298 

418 

25,703 

1.10 

Jniu*                    .  . 

408 

126 

240 

14,281 

.5.1 

.61 

July 

136 

30 

61 

3, 751 

.14 

.16 

AiifOiHt 

30 

18 

19 

1,168 

.04 

M 

Sei>teinlier 

23 

10 

17 

1,012 

.04 

M 

OctolKT 

109 

18 

29 

1,783 

.07 

.08 

Noveiulier          

71 

35 

43 

2,559 

.10 

.11 

Dei'i*uilH»r 

64 

39 

50 

3,074 

.11 

.13 

_ 

NoTK.    (laipe  hei^btH  and  diiii*har(f(>  measurements  Uir  1901 
No.  HR,  inire  157:  rating  table  on  paire  178  of  same  paper. 

KERN  RIVER. 


are  ^ven  in  Water-Supply  Pfcpw" 


Kxtimatvil  tiunifhly  dist^harge  of  Kern  River  near  Bakersfield,  Cal. 

I  DraiiiHgo  area.  2,34r»  wiuare  iniltiH.  ] 


I)iH<luir 

tH'  ill  H*"*'*) 

tKl-f*y»t. 

1 

Run- 

off. 

Month. 

Miixi- 

Mini- 

\f *>un 

TotAl  in  at-pe- 
ft^et. 

Se<*()nd- 
feet  per 

Depth 
in 

iniim. 

mum. 

»q\iare 
mile. 

_    _     _  . 

iix'h*** 

HW)l. 

Jaiiujirv 

* 

2,  049 

226 

493 

30.313 

0.21 

0.'.M 

Febrnarv 

* 

1.963 

342 

860 

47. 762 

.37 

.:W 

Marcli 

.      1,658 

901 

1,270 

78, 089 

..14 

.^'2 

April                  . 

2.632 

6i37 

1 ,  398 

83. 187 

.60 

X> 

Mav     . 

• 

4,295 

2,091 

3.032 

186. 430 

1 .  29 

1.49 

Jniu*           ...    

4.212 

2. 455 

3,324 

197.  792 

1 .  42 

l..>^ 

July 

3.  S.-)6 

1.120 

1,864 

114,613 

.8<) 

.9-2 

Ang^nst  . .         . . 

1,804 

505 

968 

59, 520 

.41 

.47 

S<'j)t<'inl)«T    . . 

526 

249 

345 

20.  .529 

.1.1 

.i: 

( )ct()lH'r  .    .         

756 

•    259 

317 

19,492 

.14 

.16 

NovemlMT 

421 

343 

22, 433 

.16 

.1^ 

DtM-CinlHT 

1  *■  ^^ 

2(W 

323 

19.860 

.14 

.16 

The  y(»ar  . 

.  ..    '     4,295 

226 

1.216 

880. 024) 

.  .V2 

7.0.) 

_    _. 

.  — 

Note.  -  Daily  dLsc'liarK»»  f«>r  IWH  is  tfiveu  in  Water-Supply  Paper  No.  m,  i>age  159. 


80UTHSSN  CALtFOBNIA   DRAnTAOE. 


Fio.  M.—IMachargo  of  Kem  Bivor  near  BKkerafleld,  C&l.,  IWl. 

SOtTTnKRN  <;ALIFonNLA  DRAINAGE. 

'nder  this  head  hnveheen  jp-ouped  all  of  tlie  streams  of  southern 
ifornia  which  do  not.  drain  directly  or  indirectly  into  San  Fran- 
»  Bay.  The  measurements  made  on  Salinas  River  and  tributaries 
e  brought  to  a  close  during  I{K)1,  the  object  for  which  the  stations 

been  established,  that  is,  funilsbing  the  necessary  data  for  com- 
ing the  water  supply  available  for  the  reservoir  sites  surveyed  in 

Salinas  basin,  having  been  accomplished.  Measurements  were 
tinued  on  Mohave  River  at  Victorville,  on  Santa  Ana  River  below 
rmsprings,  and  on  San  (labriei  River  near  Azusa.  Records  were 
I  obtained  of  the  flow  of  Lytle  Creek,  and  of  Mill  Creek  at  Crafton 
dworks.     Results  for  1001  are  given  in  the  following  pages. 

SAL.1NAS  RIVER. 
Estimated  monthty  dincharge  of  Nacimienio  Creek  near  Brgiioti,  Cat. 

[Dmlnajfe  area.  171  square  mlliM.  ] 


DiahwwlnBaio 

"1 
'    Hail-        Mini- 

nd-foBt. 
Motn. 

Towainacr- 

Run 

Second- 
reetpCT 

off. 

Depth 
iDoheg. 

'      m 

no 

87 

184 
99 

11.314 
3.891 

1.08 
.S8 

1.25 
.M 

Ul  ue  glTen  to  W«t0r4npply  Pkper 


HTKKAM    MKAHl'ltKMKNTit    IN    IW>I. 


V 

IDnlaMtc- 

of  San 

4»(..M.*..  frrrk  nr.ir  JiJon.  Or/ 
«n>r*  ml)-.! 

Ibmth. 

UMfaM 

nOAM. 

^«^"™ 

■Mt 

Milt. 

»^ 

s 

incliB 

^lyArwnr 

Vwsk.. 

IMI. 

8,fl» 

l.TOO 

400 

N 
110 
H 

S9 

3S8 
BOB 

ITl 
88 

SS.IU 
38.906 
10,514 
4.908 

3.17 
1.08 

i.71 
IS 

April .  ... 

w 

RHiumlnl  minUMff  ilitrharyr  of  Han  Linvmii  Crri^k  n 


i 


Dl»hM«a  la  nomiUMt. 

BUBflB 

Hnatll 

Ikil- 

KM- 

^ 

■^Ar- 

imii. 
jKniwry 

3.54(1             0 

m 

10.514  1      0.T3      fl.W 

F«l.niary 

U.^MI                 tl 

TMi 

4').9ft4  '       H.nt)       .1.^1 

Mnrt'li 

!7|           . 

17 

1,045  '         .(r:         .ll« 

April 

ST               « 

14 

CTl        .0»|      .» 

mlhly  discharge  of  Arroi/o  Seen  n 
[DTKlnageareii.  £1.^  Bqnare  miles.] 


I  f*et  per    "T^ 


Janaftry . . . 
Febrnary  . 


.14. 801 
51. 7W 


1  In  Wkter-BupplT  PV 


L.1 


SOUTHERN   CALIFORNIA   DRAINAGE. 
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Estimated  monthly  diacnarge  of  Salinas  River  near  Scdinas,  Cal, 

[Drainagre  area,  4,0H4  iiqtiare  miles.] 


Month. 


1901. 
T 

iry 


Diflchari^  in  second-feet 


Maxi- 
mum. 


Mini- 
mum 


35,102 

20, 927 

1,772 

405 

2,012 

160 

30 


Total  in  acre- 
feet. 


802, 580 

231,701 

05,361 

16,066 

32, 773 

3,832 

1.660 


Run-off. 


Second- 
feet  iier 
square 
mile. 


1.20 
1.01 
.26 
.07 
.13 
.01 
.01 


Depth 

in 
inches. 


1.38 
1.05 
.30 
.08 
.15 
.01 
.01 


—Gage  heights  and  discharge  measurements  for  19()1  are  given  in  Water-Supply  Paper 
jMige  1S0;  rating  table  on  page  178  of  same  paper. 

MOHAVE  RIVER. 

Estimated  monthly  discharge  of  Mohave  River  at  Victorville,  Cal, 

[Drainage  area,  400  square  miles.] 


Month. 


1900. 


T-- 


t 

iber 

)T 

iber...   . 

ber 

rhe  year 


1901. 


ry.. 
iry 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Second- 
feet  i>er 
square 
mile. 

Depth 

in 
inches. 

44 

44 

44 

2, 705 

0.11 

0.13 

60 

44 

49 

2,721 

.12 

.12 

80 

44 

57 

3, 505 

.14 

.16 

44 

38 

85 

2,088 

.09 

.10 

38 

33 

83 

2,029 

.08 

.09 

33 

25 

80 

1,785 

.08  '  •     ,09 

29 

25 

26 

1,599 

.06  1        .07 

.  29 

29 

29 

1,783 

.07          .08 

29 

29 

29 

1,726 

.07          .08 

33 

29 

82 

1,968 

.08 

.09 

3,200 

33 

139 

8,271 

.85 

.39 

33 

33 
25 

50 

33 



45 

2, 029 
32, 204 

11.252 

.08 

.09 

3,200 

.11 

1.49 
.53 

4,180 

183 

.46 

4,820 

50 

925 

51,872 

2.31 

2.41 

660 

50 

178 

10,945 

.45 

.52 

999 


^ft 


qf 


T 


April  .. 

Jme 

July 

AngiMt  ... 
Bsptflnbor. 
October ... 


1901. 


The 


44 


77 


^no 


44 


44 


77 


77 


*•» 

.11 

.tt 

•iMi 

.u 

.14 

*«• 

.11 

.12 

«»«• 

.10 

.tt 

•^•74 

.It 

.15 

%9m 

.14 

.11 

4,9a 

.17 

.» 

4m 

.10 

.11 

44M 

.18 

.SI 

141 


.17 


i« 


•AN  OABMSLRIVKR. 


I 


Dtaebarge  in  second-feet. 


Month. 


nasi-    I    Mini- 
mam.    I    mum. 


January. 
February  . 

March 

April 

May 

June  . .     . 

Jnly 

August  ... 
September 
October . . . 
November. 
Decem])er  . 


1900. 


89 

23 

SO 

26 

86 

22 

10 

5 

6 

6 


Ban-off. 


Total  In 
feet. 


22 
18  > 
16 
13 
16 

8 

4 

4 

3 

4 


The  year 


82 

20 

20 

17 

87 

15 

6 

.  4 

4 

5 

«186 

«40 

«82 


Second- 

feet  per 

aqnnre 

mile. 


1,068 

1,111 

1,280 

1,012 

2,275 

808 

800 

246 

288 

807 

11,068 

1,260 


0.14 
.09* 
.09 
.08 
.17 
.07 
.03 
.02 
.02 
.02 
.84 
.18 


Depth 

in 
Indwfl. 


0.16 
.09 
.10 
.09 
.90 
.08 
.03 
.02 
.03 
.OS 
.W 
.11 


21,986 


o  Approximate. 


SOUTHEBN  CALIFORNIA    DRAINAGE. 
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d  monthly  discharge  of  S<in  Gabriel  River  and  canals  near  AzuHa,  Cal. 

[Drainai^  area,  dfiS  squaro  milsB.] 


Month. 


1901. 


)  year 


Difichax 

'gv*  in  Bec(> 

Mini- 
mum. 

nd-foot. 
Mean. 

Total  in  acro- 
feet. 

Run-off. 

Maxi. 
mum. 

Seuond- 

feetper 

square 

mile. 

Depth 

in 
inches. 

1,450 

28 

169 

10,391 

0.76 

0.87 

2,605 

137 

680 

37, 765 

3.06 

3. 19 

440 

135 

221 

13, 589 

1.00 

1.15 

130 

95 

110 

6,545 

.50 

.56 

272 

83 

121 

7,440 

.55 

.68 

93 

41 

63 

3. 749 

.28 

.81 

41 

24 

30 

1,845 

.14 

.16 

27 

15 

20 

1,240 

.09 

.10 

20 

15 

17 

1,012 

.08 

.09 

122 

0 

24 

1,476 

.11 

.13 

50 

29 

32 

1,904 

.14 

.16 

80 

26 

27 

1,660 

.12 
.57 

.14 

2,605 

0 

1 

126 

88,606 

1 

7.49 

lage  heights  of  San  Gabriel  River  for  1901  are  giyen  in  Water-Supply  Paper  No.  66, 
ftily  discharge  of  canals  on  page  168  of  same  paper. 

LYTLE  CREEK. 


i   monthly  discharge  of  Lytic  Creek   at    head   gates   Rialto    canals, 

California, 

[Drainage  area,  fi8  square  miles.] 


Month. 


1901. 


ir 


-25  and  29-31 . . 


Discharge  in  second-feet. 


I 


Maxi- 
mum. 


Mini- 
mum. 


21.7 
15.2 


11.3 
11.5 


12.1 
10. 5 


9.7 

8.7 


Mean. 


Total  in  aero- 
feet. 


15.8 
12.6 
10.0 
10.4 
9.8 
12.7 


Run-off. 


Second- 
feet  per 
wiuaro 
mile. 


971 
750 
456 
6:)9 
583 
705 


0. 30 
.24 
.19 
.20 
.19 
.24 


Dopth 

in 
inches. 


0.35 
.27 
.16 
.23 

.21 


.25 


SANTA  ANA  RIVER. 


Uucb  ... 
April 


JoJy 

Angiut  — 

October 

NomtibM'  . 
December . . 


4.7M 
10.77* 
4.1H1 


3.887 
3,07* 
2,916 
3,061 
1.M7 
1,478 


41, a 


In  KJiPD  in  'Wntei^Bupply  Papv  Ki 


HILL  CREEK. 


Dnlnage 

.Pe«,4T««in«e,nIle. 

•■J 

Dl>ch>rse  In  aecoud-teet. 

Totj>lln«cre- 
feet. 

Bnn4ll. 

Hontli. 

HbiI. 

Mlnl- 
mmn. 

M^ 

Beamd- 
feetpo- 

s 

1901. 

19.13 

13.94 

15.86 
"19.07 
14.04 

12.58 
12.38 
12.00 

975 

867 
633 
774 

792 
788 

41 
30 
27 

16.58 
13.18 
12.30 

13.28 

11.42 
12.80 
11.60 

10.36 

sn 

!)1 

•9 

__ 

a  Partial  month. 
Nora.— D«llr  diacliairg«  in Hoood-fHt  for  IWl  ta  given  fn  Watsr-Snpplr  Paper  No.  <^pi4«  W 
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RELATION  OP  KAINFALIi  TO  RUN-OFF  IN  CALIFORNIA. 

A  stndy  of  the  available  rainfall  and  run-off  data  for  California 
watersheds  has  been  imdertAken,  and  the  accompanying  dia^ams  and 
tables  arc  here  presented  as  the  results  of  the  work. 


n 

I 

f 

1 

/  \ 

i 

i 

/ 

/   \ 

==a 

1 
1 

rj^  ' 

^ 

y 

/i 

;  =^ 

i 

1 

/ 

l! 

- 

j 

.KK- 

FlO.  TO.— Dl&Kran)  abovlDg  in 


lurallwithriBeof 


As  the  run-oif  diafimm  was  to  bo  used  in  estimating  the  water  sup- 
ply available  f»»r  various  storage  re.s<^rvoir8  for  irrigation,  it  «a.s 
thought  best  to  represeut  the  run-oft  in  acre-fi-ct  per8<iuai'o  mile. 
The  majority  of  the  discharge  reports  givi?  the  depth  of  ruu-oJT  in 
inches.  The  aoeompanying  table  has  been  made  for  con  verting  depth 
of  ruH-uff  ill  inches  to  run-off  in  acre-feet  per  .s<iuare  mile,  using  the 
following  formula:  Depth  of  ruu-off  in  inches,  x  {0.U63;}  x  (i40}= 
niu-off  in  acre-feet  [wrfiyuarc  mile. 


Aiasiat  lalafttll  In  laetitt 
Fio.  Tl.— Diagram  nhowing  ran  off  from  watorstieda  of  Calilomin  st 
IKR  7.^—02 15 


UEASITBEHGNTS   IN    IWl. 


Table  for  eomfertiHg  depth  of  n 


•e-ftet  per  tqnart  mBt. 


OwpUi^ 

KlDMv  m&B        ran 

.l»r-  alto. 

'X.," 

Adv-fntrar 
aqnw  BilU- 

(niHwi 

!»•* 

„ 

t-rhr,. 

0.01 

0.538             0 

3S 

18.6»7 

O.OD 

36,!ino 

.oa 

1.097 

sa 

18.800 

.70 

S7.8sa 

.03 

i.nno 

87 

19.783 

.71 

«:.ft«: 

.04 

8.1«! 

88 

30.907 

.73 

38.400 

.05 

8.1W7 

so 

90.800 

.78 

%.038 

.M 

8.  MX) 

40 

ai.s.'U 

.74 

39,407 

.or 

S.T88 

41 

81.867 

.7.'i 

40.01)0 

.OH 

4.^(17 

4S 

28.400 

.78 

40.038 

.OB 

4.800 

4» 

8:!.  988 

41.007 

.10 

8.888 

44 

33.46? 

.7» 

41.000 

,11 

B.sar 

4S 

M.UOO 

.79 

48.133 

.13 

A.400 

4(1 

M.S88 

.m 

43.867 

.18 

S.0S3 

47 

KS.087 

.»1 

43,80(1 

.U 

T.tfiT 

48 

85.000 

.8fi 

48. 738 

.IS 

8.0(W 

4S 

86.188 

.88 

44.86: 

.10 

8,SS3 

AO 

28.967 

.84 

44.800 

.17 

9.M7 

91 

tr.soo 

.fa 

4a.888    1 

AH 

(1,(100 

52 

3T.  73H 

.88 

4.V86:    1 

.IB 

10. 1S3 

S8 

aa.36T 

.37 

46,400 

.ail 

lO.IWT 

M 

SS.fWCJ 

.88 

46.933 

.31 

11.300 

M 

28.838 

.«» 

47.487 

.22 

ll.TSH     : 

S6 

SB.  867 

.90 

48.000 

.33 

13.387 

G7 

80.400 

.91 

48.  ,538 

.21 

is.soo   1 

.W 

80.933 

1           .93 

49.067 

.35 

13.388     1 

59 

81. 487 

.U8 

4B.R0U 

.■m 

ia,wi7   ! 

60 

82.000 

.M 

50.133 

,9: 

14. 100 

Ql 

83.538 

,95 

.60.087 

.aw 

14, WW 

02 

88.097 

B5 

51.300 

.39 

W.  467 

B3 

83.000 

.97 

61.788 

.m 

10.  (KW 

«4 

84.188 

.98 

53.867 

-31 

iB.flsa 

m 

84.687 

.09 

53.800 

.as 

17.0(17    1 

M 

83.800 

l.OO 

.■>3.aa3 

.s:i 

17.600    i' 

87 

35.7S.1 

.114 

iM,  na    1 

88 

fill.  ailT 

At.  tlie  oHt-set  many  ditfienlties  liegan  to  present  themselves.  The 
most  serious  one  ivas  that  of  obtaining  measui'emeiits  of  rainfall  At 
th«  higliorolevutions.  The  streams  most  productive  of  run-off,  anil 
upon  which  diacharge  reoonls  had  been  kept,  have  their  sources  on 

e  wo-stem  slopes  of  the  high  Sierra  Nevada  Monntaius,  where  there 
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re  few  or  no  inhabitants  above  7,0()C)  feet,  and  consequently  no 
>8ervers  of  rainfall,  but  the  valuable  rainfall  records  of  the  Pacific 
ailway  syst^^ni  alonjr  the  line  of  railway  from  Sacramento  to  the 
inimit  of  the  Sierra  Nevada  at  Railroad  Pass  offered  a  clew  to  the 
•hit ion  of  this  diflicult}'.  In  tig.  70  the  mean  rainfall  and  the  eleva- 
>n  of  the  station  are  plotted  as  ordinates  and  the  distanc(»  inland  of 
e  station  as  abscissas. 

The  rate  of  increase  of  x)recipitation  from  Sacramento  to  Cisco,  at 
e  elevation  of  (5,000  feet,  the  point  of  maximum  rainfall,  seems  to 
^  0.6  inch  per  100  feet  of  rise.  Tlie  precipitation  above*  the  0,000- 
ot  point  decreases  with  the  elevation  approximately  at  the*  rat^  of 
4  inch  per  100  feet  of  rise. 

Fortunately  in  the  Tuolumne  River  Basin,  al)out  midway  between 
e  American  and  King  River  basins,  tliere  is  another  series  of  rain- 
11  stations,  beginning  with  Xagrange,  elevation  2U3  feet  above  sea 
vel;  Sonora,  elevation  1,824  feet;  Second  Garrote,  elevation  2,900 
at,  and  Ci^ockers,  elevation  4,453  feet.  The  mean  rainfall  at  these 
Ations,  plotted  as  in  tlie  above  diagram,  indicates  the  rate  of  increase 
om  Lagrange  to  Crockers  to  be  0.84  inch  i>er  100  feet  rise.  This  rate 
increase  has  heen  taken  to  hold  good  up  to  an  elevation  of  6,000 
et,  and  al)Ove  this  the  rate  of  decrease  of  rise  to  ])e  0.4  inch  per  100 
et  to  an  elevation  of  0,0(X)  feet.  Probably  the  rate  of  increase  and 
KJrease  would  be  more  correctly  represented  by  a  curved  line,  but 
e  data  are  not  sufticient  to  warrant  this. 

Using  tliese  rates  of  increase  and  decrease,  the  mean  precipitation 
r  the  yeai-s  1890-1890  at  an  elevation  of  9,000  feet  in  the  Tuolumne 
iver  Basin  would  be  49.8  inches.  If  snow  (»onverts  into  water  at  the 
,tio  of  8  to  1,  tlie  snowfall  would  ])e  33.2  feet  at  this  elevation. 
It  was  found  impossible  to  use  the  run-off  data  of  the  Kern  River 
ftsin,  though  it  is  without  doubt  the  most  closely  watched  stream  in 
le  State,  because  of  the  exi)08ure  of  the  watershed  and  because  of 
le  scarcity  of  rainfall  data.  This  wati*i*shed  is  bounded  on  the  west 
>r  almost  its  entire  length  by  a  high  mountain  rang(\  Concerning 
le  precipitation  on  the  east  slope  of  this  range  there  is  little  known 
Byond  the  fact  that  it  is  very  much  less  than  on  the  western  slope. 
In  1896  the  total  run-off  from  the  King  River  Basin  of  1,775  square 
liles  was  1,871,005  acre-feet .  For  the  same  year  the  run-off  from  the 
em  River  Basin  was  019,030  acre-feet.  The  ratio  of  the  area  of  the 
ing  River  Basin  to  the  Kern  is  1  to  1.32,  the  ratio  of  run-off  1  to  0.33, 
iough  the  higher  drainage  areas  of  the  streams  are  contiguous.  It 
as  also  thought  best  not  to  use  the  run-off  an<l  rainfall  data  for  Pirn 
Peek  Basin,  furnished  by  the  Antelope  Valley  Water  Company, 
Hsause  the  ratio  of  discharge  in  acre-feet  per  square  mile  was  greater 
an  any  other  record.  There  is  little  doubt  about  the  accuracy  of  both 
e  run-off  and  precipitation  records,  the  explanation  being  that  the 
infall  observation  stations  were  necessarily  situated  at  so  low  an 


sli!valJon  llinl  Ih*-  n ril  illd  not  reprcseni  th«  mean  rainrall  fur  the 

bigbpr  pfirtinnit  »r  lliv  tiiiKiii. 

TberuD-nfranilmiiifAlliIntHof  Iheslrvams  whiuhwi-rviistHllnisKke 
till'  iliM'bAri;^  tlia^n'Hni.  fi(t'  ~1-  ^'1'  !>*'  lapntiunud  tii  I  he  nnlt-r  fMm 
ntirth  til  euiatii  in  which  Iheir  nnbcrKhttlH  occur. 

Surniminfii  Rieer  Biimn. — Tlic mitifall statioBsuswl  in itelonniniiii; 
tlic  menu  nnnuui  prwlphatioii  for  the  SHt-rnnwnto  River  Hhsiii  wen- 
th<.'  fulluwlnjc:  Rrd  RlufT,  Ro(U!Wimk1,  R«<]>liiig,  Pelta,  DunHinnir. 
Sha»tH,  Simouit,  an*]  Fort  BUlwoU. 

TUbtp  verv  Bbetihitety  iio  ih-wir1»  for  tho  grcnt  iitt<rni»r  inounliiiiwus 
ftii<l  lava  fountry  in  Siskiyou,  MchIw,  nnil  r.aitMcti  iHtuntipH.  compri^ 
itiR  more  than  5,3i*  sqiian-  niik-*  of  the  wiiu>rahe<l. 

Fort  Itidwell  is  siluatmi  oiilside  of  the  wat<>r8hiHl,  nn  the  wistem 
tAopf  of  (h«  iiioiiiilAiiift  thai  form  thf  liouiidary,  hik]  woaitl  probably 
havR  a  \om  nvlDfaU  than  MimIoo  <'oiiiity.  I'ho  r«t>ord  wiw  kf-pi  tbetv 
for  a  jwrlod  of  l,wpnly-twoy«Hr*,  nii<i  tli«  meaii  ntinfalt  isaiKSinchee. 

Thi'  nvoraeo  ntinfall  at  Rwl  Bluff  for  a  |KTi<Kl  of  twpiity-thn*  >■««* 
niut  23.[)  iiichvn;  al  KuwwMod,  for  a  t>priixl  of  six  ytmra,  iiM;  it 
RuUilSng,  for  tWDnly-fuur  yi-ars.  ;i5.<i!t.  Thu  precipitation  at  tlitw 
thrt'i!  latter  alaLiuns  was  takca  to  gi-l  the  average  for  the  Swimnn'iiio 
VsUey  for  the  yoara  189fi-lSit9,  dtiring  which  tim.*  rmi-off  meBSiirc- 
inentN  have  heen  niaile  at  Jellj-s  Ferry.  The  meali  rHitifwll  of  the  Ilil 
River  ilrnini^  nn-a  of  B,3.'W  siinai-e  miles,  whieli  ha«  «ii  tivi-mppde- 
ration  of  fi.OOO  feet,  waa  taken  to  be  the  Bame  as  that  of  the  Smm- 
mento  Basin  above  Red  Bluff. 

The  average  rainfall  at  Delta  for  a  period  of  fourteen  years  was 
62.30  inches;  at  Dunsmuir,  for  ten  years,  57, 16  inclies;  at  Shasta,  for 
BIX  years,  o3.2Q  inches;  at  Sissons,  for  ten  years,  32.75  inches.  The 
rainfall  at  these  four  stations  was  taken  to  obtain  the  mean  rainfall 
for  the  niountaiiiouN  area  of  the  watershed  for  the  years  1S9'>-]S9!I. 

San  Mateo  Creek. — The  Spring  Valley  Water  Company'.s  record  of 
rainfall  and  run-off  from  the  watershed  of  San  Mateo  Creek  iswiilioiit 
doubt  the  oldest  reconi  in  the  State,  having  been  kept  for  tliirty 
years.  In  the  table  given  on  i)age  390  of  Water-Supply  and  Irrigalion 
Paper  No.  3S,  of  the  United  States  Geological  Sur^'ey,  no  allowance 
has  been  made  for  evaporation  f.-oni  tlie  surface  of  the  i-e-servoir;  ^ 
per  cent  has  here  been  added  to  tlie  run-off  as  calculated  from  llios* 
tables  to  cover  evaporation.  The  drainage  basin  of  Siin  Mateo  Ck*^ 
ranges  in  elevation  from  250  to  1,8(X)  feet,  with  an  average  of  alx"il 
750  feet.  The  hills  are  undulating.  Thciv  is  a  limited  growth  of 
timber  on  the  northern  slopes  near  the  summit,  but  a  large  amount 
of  brusit  covers  other  portions  of  tlie  basin.  On  the  southern  slopes 
and  crest  the  hills  are  fi-equently  bare  of  brush,  but  covere<l  witb 
grasses. 

Salt  SiiriiKjs  Valley  watershed. — The  basin   of  the   Salt  Springs 
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r  is  largely  of  red  clay,  which  scantily  covers  a  bed  rock  of 
«  and  slate.     The  topography  is  undulating  rather  than  moun- 
ts, about  20  per  cent  of  the  total  drainage  area  being  valley 
There  is  little  brush  or  timber  in  the  valley  and  only  a  scat- 
growth  of  oak  and  scrubby  pine  on  the  hills.     To  obtain  the 
for  the  basin  10  per  cent  has  l)een  added  to  the  rainfall  for 
Hill,  6   miles  northwest  of  the  dam.     To   obtain  the  total 
f  for  the  basin  4,132  acre-feet  have  been  added  to  the  amounts 
en  in  the  ta])le  on  page  337,  Part  IV,  of  the  Eighteenth  Annual 
t  of  the  United  States  Geological  Survey  to  compensate  for 
ration  from  the  reservoir  surface, 
methods  of  measurement  of  discharge  from  the  reservoir  are 
rude,  which  may  partly  account  for  the  very  high  percentage  of 
f  from  this  basin,  which  contains  25  square  miles. 
lislaus  River  Basin. — There  were  no  rainfall  data  obtainable  for 
asin,  but,  since  it  joins  the  Tuolumne  and  is  in  most  respects 
r,  the  rainfall  for  the  Tuolumne  I^asin  has  been  taken  to  apply 
h. 

Imnne  River  Basin, — To  obtain  the  mean  rainfall  for  tliis  basin 
rerage  elevation  and  area  of  the  various  portions  were  taken 
he  topographic  maps  of  the  United  States  Geological  Survey, 
reas  were  obtained  by  the  use  of  a  planimeter.  Lagrange  was 
as  the  base  station  and  the  percentage  of  increase  for  the 
IS  elevations,  as  shown  b}^  the  diagram,  fig.  1.  The  following 
)le  for  the  year  1800  will  illustrate  more  particularly  the  method: 


L 


Average  ele- 
vation. 

'  Number  of 

square 
1      miles.       ' 

Estimated 

rainfall. 

IWW. 

Mile-inches.   ' 

1.200 

75     i 

26. 4 

1 ,  980 

1.500 

!            ^8 

29.0 

2. 552 

2. 500 

1 J^'^ 

37.4 

6.807     ' 

8. 500 

ir,    ' 

45.8 

2. 107 

4. 000 

■           105     1 

50. 0 

5.252     \ 

4. 500 

147 

1 

54. 2 

7.967 

5.5(M) 

1)0     1 

60.9 

5.481     1 

G.  000 

14;  J 

1 

63.3 

9, 052 

0, 500 

105     ' 

61.3 

6.437     ■ 

7.500 

1S9 

57.3 

10. S30 

9.(MH) 

:{:]0 

51.3 

16. 927 



1.500 

• 

75. 692     '■ 

'Ni>'o  =  •^>^^-  ^  mohes  mean  for  basin.  1896. 


MO 


memuM  nusmoomm  nr  jwl 


f9t.& 


wSSk 

jS^ 

te£SSL 

l^lmitinfl 

«^ 

8 

0 

«00 

90 

980 

8.20 
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99 
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19 

18 
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84 
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U 

98 
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88 
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9.88 

18 

88 

1.89 

88 

'      580 

10.87 

18 

98 

1.88 

40 

880 

19.88 

99 

198 

9.98 

49 

750 

14.06 

99 

188 

9.00 

44 

840 

15.^ 

94 

980 

9.75 

48 

940 

17.63 

98 

940 

4.80 

48 

1,040 

19.50 

98 

999 

5.95 

60 

1,180 

91.75 

Ban  Joaqum  and  King  Bwer  basins. — ^There  were  practically  no 
rainfall  data  for  eiXk&t  of  tiiefle  baaina. 

The  estimatod  mean  ralnfiill  fmr  tiie  Taolamne  River  Basin  for  the 
years  1896-1890 ia  48.8  indlies;  the  depUi  of  mean  mn-off  for  the  same 
period  is  20.8  inches;  the  depth  of  mean  run-off  for  the  San  Joaqain 
River  for  this  period  is  18.4  inches.  Since  the  topography,  exposure, 
etc.,  in  the  two  basins  are  similar,  the  rainfall  will  probably  be  pro- 
portional to  the  run-off. 

Example:  20.8: 18.4::  48.2: 42.7.  Similarly  the  mean  rainfall  for  the 
King  River  Basin  will  be  37.8  inches. 

Mohave  River. — The  meteorological  and  hydrographic  work  of  the 
Arrowhead  Water  Company  has  been  carried  on  for  a  nurabc*r  of 
years  at  the  head  of  the  Mohave  River.  Twenty-eight  rain  giHTes, 
carefully  located  at  elevations  of  from  2,100  to  7,200  feet,  have  been 
maintained.  The  measurements  of  run-off  froiij  several  tributaries 
have  been  made  over  weirs.  The  area  of  the  basins  are  all  less  than 
50  square  miles.  The  watershed  is  covered  with  a  thick  growth  of 
timber  on  the  crest.  The  growth  of  timber  diminishes  as  the  desert 
is  approached,  the  nortliern  part  of  the  watershed  being  covered  with 
brush  only.  The  mean  elevation  of  the  watershed  observed  upon  is 
about  5,250  feet  above  sea  level. 

Cuyamacd  reservoir  watershed. — The  area  of  this  watershed  is  11 
square  miles  and  the  mean  elevation  above  sea  level  is  probably  5,500 
feet. 

The  run-off  is  carefully  measured.  There  is  only-  one  rain  gage 
maintained,  and  that  is  at  the  dam.  The  resident  engineer,  Mr.  F.  S. 
Hyde,  says  that  as  this  rain  gage  is  located  between  two  high  wooded 
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peaks,  which  act  iis  coiuloiisei*s  of  the  moisture-laden  clouds,  the 
recorded  precipitation  is  undoubteilly  heavier  than  the  average  of 
the  watershed.  This  proba])ly  explains  why  the  mean  annual  run-off 
is  Ko  far  below  the  general  curve. 

Sweetwater  reservoir  bit.sin. — The  evaporation  and  run-off  records 
from  this  basin  date  from  1888,  and  have  been  very  carefully  kept. 

There  is  no  doubt  that  many  of  the  i)oints  on  the  curves  (fig.  71), 
would  be  changed  if  we  had  more  definite  information  as  to  the  rain- 
fall, but  the  curves  are  the  best  that  could  be  made  from  tlie  informa- 
tion at  hand.  The  mean  discharge  for  the  period  of  observation  on 
each  stream  is  used,  together  with  the  mean  rainfall  for  the  same 
yeai*8.  These  m(*ans  are  considered  the  more  satisfactory,  as  tliey 
tend  to  eliminate  erratic  stream  and  rainfall  lecords. 
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e<lgmt'nts  to US 

•■roster  New  York,  water  supjily  of  19 

Jreeley,  Colo.,  rainfall  at 1:J2,  I'M,  i:J7 

^reen  River,  Wj'oming,  drainage  area 

of,  at  Greenriver,  Wy«» U>4 

measurements  of H'>4 

Ireenbrier  River.  West  Virginia,  drain- 
age area  of,  at  Alderson lU) 

measurements  of 1(  K) 

view  of \m 

Greene  County,  Va.,  rainfall  in 45,4^ 


Greenriver,  Wyoming,  stream  measure- 

mentsat 164 

Guernsey,  Wyo.,  stream  measurements 

near 125-126 

Gulf  of  Mexico,  eastern  tributaries  of. 

measurements  of 76-98 

western  tributaries  of,  measurements 

of 14i)-103 

Gunnison,  Utah,  stream  measurements 

near IWH97 

Gunnison  River,  Colorado,  drainage  ar(>a 

of,  at  lola 175 

measurements  of I'ih 

H. 

Hall,  B.  M.,  acknowledgments  to 15.16 

Hall.  C.  M.,  measurements  made  by 113 

Hall,  Max,  acknowledgnu^nts  to 16 

Hall  County,  Ga.,  rainfall  in 72. 73. 76 

Hanover  C?ounty,  Va.,  rainfall  in 4,5,47 

Harahan,  J.  T.,  acknowledgments  to 17 

Harrisburg,  Pa.,  stream  measurements 

at :« 

Harrison,  (\  L.,  acknowle<lgmentsto 16 

Harroun.  P.  E..  acknowh^lgments  to 15 

Havre.  Mont.,  stream  mt»asurem*»ntsat..  122 

Hawaiian  Islands,  hydrographic  work 

in.  ap]K*als  for 15 

Hay,  Roliert,  reference  to  work  of 14 

Hedges,  Ohio,  rainfallat Ill 

Helena,  Mont.,  rainfall  at 115.116 

Henrico  County,  Va..  rainfall  in 4.'>.  4« 

Herndon,  C?al.,  stream  measurements  at .  216 
Hetch  Hetchy  Vall<»y  dam  site,  California. 

stream  measurements  at 212 

Hillabee  Creek,  Alabama,  drainage  area 

of.  near  Alexander  City 82 

measurements  of 82 

Hill8<lale.  Mich.,  rainfall  at Ill 

Hiwassee   River,    drainage   area   of.  at 

Charlwton.  Teim 107 

drainage  area  of,  at  Muri>hy.  N.  C. . ,  HM\ 

at  Reliancf,  Tenn 107 

measurements  of Kill.  107-lOH 

HoldnMlge,  G.  W..  acknowltnigments  to. .  18 

Hollister.  G.  B..  .ntations  tv^tablishiMl  by. .  ^ 

Holmes,  J.  A..  acknowU?dgments  to 15 

Hot)d,  William,  acknowledgments  to 1(J 

Hooi>er,  Wash.,  stream    measurements 

near 206 

Horton.  R.  E..  aid  by 19 

reference  to  w<  »rk  of 19 

Hot  Springs.  Va. ,  rainfall  at 4.').  47.  iH ) 

Housatonic"  River,  C<mmH'ticut. drainage 

area  of,  ut  Gaylonlsville 24 

measurements  of 24 

station  establi*^h«'4l  on 1» 

Hudson  B»iy  dniinag«',  investigations  n- 

ijitingto 113 

Hudson    Riv«'r,    diaginim    showing    di.s- 

churgeof ^i 

HumlKjldt  Riv««r,  Nrviida,  drainage  area 

of.  near  Elko IMI 

drainagt>  anMiof ,  nrar  ({t)!*^  uidii Is2 

nearOreana is:^ 

nt»ar  Mason's  nuuh 182 

measurements  of 180,181-1*9 


..  UZ-14M 
■o  mlndUl  tfi 

Cnyiuiutni  wkttnhHl Sn-tH 

Srdioffimplili!  miwnrMDvirtit.  ht>uwti»l 

ravleVDt 11-15 

UTEnm.  Utah,  ntniuii 


.  plAte  Hhijwing  n't 
KmtatL  Ohio.  rklnlBlI  Ht 
Rum  County  Land  CeanpMij.  ■ 


tdithu,  hr<lra«miiblc  irork  In in 

tKiiiu-li>,  Ci)lu.,Rtmuu  luMLOlTMiiuIitaat.. 
mtniiu  Cimtml    Bullmwl,  u^nmrtcdy- 


iDillanH,  hrclr<vm[ilili- wark  In  - Ill 

imorlor   Uulu   ar»)iuK<v  lnTHWlKMkin* 

rclailnclo mHW 

loU,  Cfii.,  >rtr 

loin,  Kaiw..Mi 

IrrlsBilun  lllomtnrv.  ntrmtuv  to  llM  of. 

IrrlouUini  Sarrnir,  unnuilulloD  of 

.1. 

Jamaa.  WiLlter.  aokiuiwlndgiaeiiU  M 

Janini  Rim.  Vlriiintii.  tlt«Iiwtre  lum  i>t, 
iilIhirliiHiBn---.-- 


K*'<Twy.  Coli^..  nm-oS  froir 
RlTM  Budn  at 
■talidC  ealBhlialied  at 

KlM  Cllr- 


.■^onth  Platla 


froDi  baaln  at.. 

a  Y^KlntivillotaMIi 
KUnia,  Wiuli.,  etrHam  pitwauna 
KnMk-,  Thomas,  arknniclnlinBi 
Kntarlllp,  Tenn ,  sti' 


rainfall  lo  l<wbi  ot -, « 

rainfall  and  rna«ir  la  taiMdn  of,  MUo 
ohiiwInK 

mlntall   KtatiiiiH'   in   Inaln  of,  taWp 


I  lAKi«n«>sC>kl.,eleratloiior... 
LalcB  CnmlE.  rub,  dtaltn«Hai 


I  drainage  tauiD  ol. 


tS  I  Lain liortF ilk'. 
-  «.S0  i  Langtry.   Tm 


In  of.  map  abowlng  k 


Jolou.  Oal..  Ftrc«ni 
Judiin,  W  P,  aid 
Jnilwin,  N. 


i-off  from  Tnwalign  Rlror 


Jaiicltim,  KBII1..IJ 


Kannajv  hyrtrogmphic  work  In . . 
Kansna  Blvur.  (IralcBge  urea  uj 

comptoD.  Kans 

iiiTestlKBtions  ill  drain"Kcbii 


Leo  Coontf .  Ala.,  latnf  all  In 

Loipsli-,  Ohio,  rainlall  at 

Iiisrerett,  Frank.  retorCT>ce  to  war 
Leria  and  Clarke  Coont]-.  Mflnt..r 


Llpptncott,  J.  B..  ai^kDOwle^giDOals  la 
Lfttle  TenlleflBtM!  Biver,  drain&ir?  arrw 

atJudson.M  C 


LlTinKBloii.Arli.,!«atloiimtalilisb«diH 

Livingston.  Mnii 
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Page. 

Liomaz,  E.  L.,  acknowl^gments  to 18 

LongB  Peak,  Colo.,  rainfall  at 132,134, 137 

Angreles  City  Wator  Company,  ac- 
knowledgments to 1« 

Pinoe  River,  Colorado,  drainage  area 

of,atlgnacio 170 

measurements  of 170 

XiOnisTillo  and  Nashrillo  Railroad,  ac- 
knowledgments to.. 17 

Ixmp  River,  Nebraska,  dniinage  an^a  of. 

near  ('olnmbus l-PT 

mca.Harementh  of 1  .7 

Ix>wcr  Lake,  California,  stream  moa.*<iin»- 

montJsncar *-*ll 

Kijmcbburg,  Va.,  rainfall  at 45, 4>*.  .'jo 

Kijons,  Colo.,  run-oflf  from  St.  Vrain  Creek 

Basinnear 138 

stream  measurements  near 1:^ 

liytle  Creek,  California,  drainage  area  of 

at  head  gates  Riulto  canals 2£i 

measurements  of 2£i 

M. 

McCalla,  R.  C,  acknowledgments  to 17 

McCune,  A.  J.,  aid  by 10 

McDonald,  Hunter,  ackiu )wledgments  to .        1 7 
McDonald,  Wash.,  stream  moasuremeut.s 

at 207 

McDowell,  Ariz.,  stn.»am  measurt'ments 

near 177,17J» 

McGhee,  W  J,  reference  to  work  of 14 

Macon,  Oa.,  rainfall  at 73,73.70 

run-off  from  ()cmiilgt»e  River  Basinat.  75-70 

stream  measurements  at 71 

Macon  County,  Ga..  i-aiufall  in 72. 74, 70 

Macon.  Dublin  and  Savannah  Railro<id, 

acknowle<lgments  t<.) 17 

Madison,  Me.,  street  worm  in,   during 

freshet  on  Kenn«?btHr  River ...       22 
Madison,    8.    C,  stream   measurements 

near 03 

Madison  River,  Montana,  drainage  ar(*a  of, 

near  R«'d  Bluff 11» 

measurements  of 119 

run-off  from  brisin  of 110 

Mai^,  Mont.,  stream  mea.'^urenients  at. . .      1 13 

Maine,  gaging  stations  established  in is 

hydrographii"  work  in 18-22 

Manhattan,  Kans. ,  stream  meiisun^inents 

near 143 

Mapleton,  Utah,  stream  measurements 

near 194 

Marbury,  J.  B.,  a<'knowl<Mlgments  to 17 

Marshall,  Colo.,  run-off  from  Sonth  Boul- 
der Creek  Basin  near IIJO 

stream  mwisuremeuts  near 12S 

Marslmlh-ille,  Ga.,  rainfall  at 72. 74, 70 

Marj'land,  hydrographie  wt)r k  in .'{{, 

:jo,:«MO,w» 
Ma.'vin's  I'anch,  Nevada,  stream  moiisun*- 

ments  at 1 82 

Massachusetts,  hydrogniphie  work  in . . .       21 

Matltx'k.  S.  M.,  acknowledgments  to 10  i 

Mattoax,  Va..  run-off  f  n  »ni  drainage  Iwisin 

of  Appomattox  River  at 49,  r>() 

stream  mGAsorements  at 44  1 


Page. 
Manmee  River,  Ohio,  drainage  area  of, 

near  Waterville 110 

measurements  of 110 

rainfall  in  iKisin  of 110-111 

Meagher  County,  Mont .,  niinfall  in 1 15 

Mechanic ville,  N.  Y.,  diagram  showing 
discharge  of    Hudson    River 

at 23 

Medicine  Bow,  Wyo.,  station  estainished 

at 134 

stream  meaHurements  at 12.') 

Meeker,  Colo.,  station  established  at 164 

Merced  Falls.  Cal.,  stream  measurements 

near 215 

Mercetl  River,  California,  drainage  area 

of.  alx) ve  Meivetl  Fal  Is 215 

measurements  of 215 

Michigan,  hydrographie  work  in 111-112 

Middle  Cri»ek.  Montana,  run-off  from  ba- 
sin of 116 

Middle  Oconee  River,  Georgia,  di'ainage 

area  of ,  near  Atlienn 05 

measurements  of 05 

run-off  from  basin  of 74 

Milk  River.  Montana,  drainage  area  of.  at 

Havre* 122 

measurements  of 122 

Mill  Creek,  California,  drainage  art»a  of, 

at  (.'i-af  ton  head  works 224 

measuivments  of 224 

Mills,  H.  F.,  Jiid  by 1» 

Millville.  W.  Va.,  stream  meitMurements 

at 3S  39 

Milstead,  Ala.,  run-off  from  Tallaiioofsa 

River  Basin  at 88 

stream  measurements  near 85 

Mississipi)i,  hydi*ographic  work  in 97 

i»astem  tributaries  of,  measurements 

of 99-l(« 

Missoula,  Mont.,  stream  measurt»ment« 

at 19*1-199 

Missoula  River,  Montana,  di'ainage  area 

of,  at  MUwoula 108 

measurements  of iyi8-19i» 

Missouri  River,  drainage  area  of,  near 

Townsend.  Mont 121 

investigations  relating  t(»  upper  basin 

(»f 114-124 

measurements  of 121 

rainfall  in  uppt^r  ImusIu  of 114-118 

mn-off  fi-om  basin  of 117-118 

Missouri,    Kan.sas   and   Texas   Railway, 

lu^knowledgments  to 17 

Mitchell,  Nebr.,  station  established  at. . .      124 

stream  measurements  at 1215 

M4»bile  River,  stations  in  Iw.sin  of,  map 

.showing 81 

Mohave  River,  (^ilifornia.  di'ainage  area 

of.  at  Victorviile 221 

measurements  of 221-222 

rainfall  and  run-off  from  bjisin  of 21^0 

Mohawk   River,   diagram   showing  dis- 
charge of 25 

Moki'luinne  River,  California,  drainage 

ar.^a  of ,  at  Elei^tra 212 

measurements  of 212 


ts  of  . . 


Ha8bvll]i>.l.'lintU 

way.  acknowledKmenl 
H«l,  N.  C  htreimi  muBBUPBUii^at 

NebnwkH.  couperatiuii  by 

hydrographir  irurk  In _ 

Kelles.  O.  T.,  oi-knowl.'dicmi-DtN  t 
Nooebo  Rlvrr,  dntl  nasi' area  of,  a 


lof... 


Nevada,  IiydniKTttphlo  WOTlc  in IH-ltW, 

Nevada-I.'alifonua-Oregon  Railway  Com- 
pany, afknowledKinents  to  - . .        l(t 

Nerin,  W.  0„  auknowledementB  to 16 

New  BromcD,  Ohio,  ralntall  at HI 

New  Eu^laml,  xtream  iDonauruniunto  in  .  2U-Si 
New  HampHliirc,  hyiiruKraplilc  workln  .        W 

New  Jersey,  hydn^raiiliif  work  iii a«-ai 

NewMeii<'u.hy<lro8raphli;  work  id ISt-l.Vj 

New  Palti,  N.  Y..  station  wtublidiuil  ut .        1» 
New  River,  <lniitiai^>  nri'a  of.  at  Fityi'Iti-. 

W,  Vft li« 

draiiuiRt'areiL'.f.  at  RH<lfi>nl,  Va lill 

meannretni-ntH  (if lul-ms 

tmgiiiK  aliitioiis  ill __. lli-ai 

iijdrottraiihlc  wurk  in Ift-ai.M.as 


iaaiktetD...__^_ ^.__»..*.-     Tf 

Horwood,  W.Tk^  flood  so  KttEttaOnA 

>t.  plBta  Aowlac  Mdfa  dt- 

moUalwlbT » 

Nottely  River.  North  CuvUnk.  dninaci 

«re«of,  at  Bangor ^ 

meaanrementsof W 

Nottingham,  Ala.,  stream  me«sDrem«Dt> 

at K 

Oakdalp.  Oa..  Mnsm  meaBoremenla  at ..  ^ 

Obcrl,  W.  E.,  acknowledifmeDtBto !■ 

Oc'mule™  River.  Oeorgia.  drainage  ana 

ot.at  Mawm H 

drainage  area  of,  near  Flovilto "■ 

rainfall  in  badiiB  of   Oconw  Riv-t 

and »^ 

rainfall  Htstlons  In  baaina  of  Ooonoe 

River  and,  location  of ^ 

BtBt  ioQM  in  laslns  of  Oconee  River  and. 

<X-ouee  Kivar.  GoiirKia.  draiDagr  tirea  of, 

at  Bamett  Shoals * 

drainage  area  of.  near  Dablln.  (in...-     '^ 

maaiiremenlaof «.* 

rainfall  in  baaina  u(  Oi'muleee  R^ver 

BUd T!"'' 

rainfall  statloua  In  basins otOcJunlgw; 

River  and,  lot-atlon  of ^ 

run-off  from  baaln  of 7tra."i< 

Btatlunfl  iu  baains  of  Ocmnlgee  Blver 

ntid,  map  showing  location  of.  '' 
O'Donnell,  J.  D.,  acknowledgments  to.--  '^ 
Ogletl.orjM  County,  Oa.,  rainfall  in...  TS,:*." 
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Pagu. 

Ohio,  hydrotfrtt»)^lc  work  in 1H>-111 

Ohio  Rivor,  ineaHuremcnts  of  Ui)i>er W-KK) 

OcMtanaala  River.  Geor (tin.  drainage  area 

of,  at  ReHa<>a fl() 

meaHuremontH  of «) 

Opelika,  Ala.,  rainfall  at W.HT.mh 

OranK^  County,  V».,  rainfall  in 4."),  4tt 

Orchard,(?olo.,  run-oflf  from  South  Platte 

River  BttHin  at i:« 

Oreana,  Nev.,  Btream  meosnrenicntH  ut*ar      \M 

Oregon,  hydrographif  w<jrk  in :3ll« 

Oregon  Short  Line,  acknowledgmentH  to       17 
Orford,  N.  H..  Btream  nieiisurements  at .        :iH 
Oswego  Rivt'r.  Now  York,  diagram  show- 
ing difi<'harg(>  of ^T) 

Ottawa,  Ohio,  rainfall  at Ill 

Ouray    Sch(K)l,  Utah,  streuni   meiaHure- 

mentMat IW 

Oxanna,  Ala.,  rainfall  at W.«7,H« 

P. 

Pa'.'iflc  Railway  System,  rainfall  records 

of aJ7 

PalouHe    River,    WaHhington,    drainage 

area  of,  near  Hoopt»r JJiW 

meaHurementH  of 2IK5 

Park  County,  Mont ,  i*ainfall  in 1 !.'».  UK 

Parkinson.  11.  F.,  acknowledgments  to . .  Irt 

Parshall,  A.  J.,  a<"knowlodgmentH  to US 

Paaeaic  River,  New  Jersey,  drainage  area 

of ,  at  Two  Bi-idges 2i\ 

hydrographic  work  in  basin  of '^y-^S 

measurements  of 2»J 

station  established  on 25 

Pataiisco  Rivr.r.  Maryland,  drainage  area 

of,  at  Woodstwk -ii 

measurements  of -ii 

Peale.  A.  C,  reference  to  work  of 14 

PecoH  River,  measurements  of 1W> 

PecoB  Valley,  New  Mexico,  irrigation  of 
field  of  sug}ir  lK»ets  in.  plate 

showing 5i6i 

Pennsylvania,  hydrogi-aphic  work  in SJH-32 

Penobecot  River,  Maine,  drainage  area  of , 

near  Costigan 2H 

measurements  of 11),2<T 

Perkiomen  Creek,  Pennsylvania,  drain- 
age artsa  of ,  at  Frederick ^ 

measun»ments  of 2M 

Petersburg.  Va. ,  rainfall  at 4."»,  4s. .'»!) 

Philadelphia,  Pa.,  stream  measurements 

n«'rtr '.^) 

Piedmont.  W,  Va., stream  ni ea.su rements 

at  M 

Pindell,  L.  M.,  acknowletlgments  to 17 

Piney.  Cal.,  stream  measurements  near  .  ^) 
Piru  Creek.  (California,  rainfall  and  i*un- 

offdat.ifor 227 

Pitt  River.  California,  rainfall  in  drainage 

l>a.Hin  of 22H 

Plant  System.  a<!knowledgments  to 17 

Platte  River,  drainage  area  of,  near  CV>. 

lumbus,  Nebr i:<s 

invest  igations  in  l)asin  of 124-14<» 

measurements  of i:^ 


Page. 
Point  of  Rocks,   Md.,  stream  measure- 
ments at  :w 

Point  Peter,  Ga  ,  rainfall  at 72. 74, 76 

Point  Pleasant,    Pa.,    stream   measure- 
ments at 2K 

Pompton  River,  New  Jerpey,  drainagt* 

area  of,  at  Two  Bridges 2fS 

measurements  of 2»J 

station  e8tabli8h(Hl  on 25 

Portersvillo.  Cal.,  stream  measurementn 

near 218 

PotonuM'  River,  drainage  area  of  ,at  Point 

ofRw^ks.Md :» 

drainage  area  of  North  Branch  of,  at 

Piedmont,  W.  Va :i4 

of  South  Branch  of,  near  Spring 

field.  W.Va 'M 

measurements  of S9 

of  North  Branch  of lU 

of  South  Branch  of :i4-35 

stations  in  Itasin  of ^Xi-iii 

Prall,  C.  T . ,  reconnaisNince  by 1 71 

station  establislied  by 173 

Precipitation.    See  Rainfall. 

Presidio,    Tex.,    stream    measurements 

near 157-15© 

Pressey.  H.  A.,  reference  to  paper  by 19 

reference  to  work  of 19 

Presumpscot  River,  Maine,  drainage  area 

of,  at  outlet  of  SoVtago  Lake. . .        22 

measurement  s  of 10, 22 

Price  Road  bridge,  Utah,  view  of  Du- 
chesne River  near lOB 

Prince  Edward  County ,  Va.,  rainfall  in . .  45, 47 
Provo,  Utah,  stream  measurement**  near  195 
Provo  River,  Utah,  drainage  area  of.  near 

Provo 196 

measurtm^ents  of 196 

Prowers,  Colo.,  stivam  measurements  at.      147 

Publii»tions,  review  of 12-15 

Pueblo.  Colo,,  stream  measurements  at..      14tt 

Quillayute,  Wash,,  stream  measurements 

near 209 

R. 

Radford,  Va.,  stream  measurements  at.  101-102 
Rainfall.    S**'  Naint»s  of  river  l»a»ins. 

Rainfall,  Alabama WV-W 

diagram   showing   imrrease  of,  with 

i*lse  of  elevati<m,  California . .      225 

Georgia 72-76 

MaumiH;  River  Basin 110-111 

Missouri  River  Ba.sin,  ui)y)er 1 14-1 IH 

Mohave  River  Ba.sin ,  Vn\ 230 

Oconee  and  ( )cmulgee  river  Iwisins. . .  72-76 
rate  of  increase*  of,  fi*om  Su<'ramento 

toCis<-(i.  Cal 227 

relation  of  run-i>lT  to. California  ...  2£h2ii\ 

Sacramento  River  Basin 22H 

Salt  Springs  Valley,  Cal 289 

San  Ma t»H)  Creek  Basin,  Cal 22H 

South  Platte  River,  upper  basin  of  . . .      131 
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nwnlsiH 15* 
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